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7LSH�DQMXQJDQ�OHSDV�SDQWDL�XQWXN�HNVSORUDVL�PLQ\DN�GDQ�JDV�DODP�\DQJ�EDQ\DN�GLSDNDL�GL�OHSDV�SDQWDL�,QGRQHVLD�
DGDODK� WLSH� MDNHW�EDMD��$QMXQJDQ� WLSH� MDNHW�XPXPQ\D�GLEXDW�GDUL�EDMD� WXEXODU��'DODP�PDVD� OD\DQQ\D��DQMXQJDQ�
WLSH� MDNHW�VHULQJ�PHQJDODPL�NHUXVDNDQ�SDGD�VDPEXQJDQ��MRLQW���6DODK�VDWX�PHWRGH�SHUEDLNDQ�\DQJ�GLVXNDL�XQWXN�
HOHPHQ�VWUXNWXU�DQMXQJDQ�DGDODK�GHQJDQ�GLJURXW��'DODP�SHUDWXUDQ�$3,�53��$�:6'��GDQ�12562.�1-����WHODK�
GLEHULNDQ� IRUPXODVL� SHUKLWXQJDQ� NDSDVLWDV� VDPEXQJDQ� WXEXODU� \DQJ�GLSHUNXDW� JURXW��)RUPXODVL� SDGD�SHUDWXUDQ-
SHUDWXUDQ� LQL�PHUXSDNDQ� SHUVDPDDQ-SHUVDPDDQ� HPSLULV� \DQJ� SHUOX� GLSHULNVD� GHQJDQ� HNVSHULPHQWDO� GL� ODE� DWDX�
GLXML� GHQJDQ� DQDOLVLV� PHWRGH� HOHPHQ� KLQJJD�� 3DGD� SHQHOLWLDQ� LQL� GLODNXNDQ� SHQJXMLDQ� GHQJDQ� PHWRGH� HOHPHQ�
KLQJJD��3HPEDKDVDQ�GLEDWDVL�SDGD�WLSH�VDPEXQJDQ�WXEXODU�GHQJDQ�EDWDQJ�XWDPD��FKRUG���JDQGD��'HQJDQ�DQDOLVLV�
HOHPHQ�KLQJJD�DNDQ�GLOLKDW�SHQJDUXK� WHEDO�JURXW�� NXDW� JURXW�� WHEDO� FKRUG�GDODP��GDQ� WHEDO� FKRUG� OXDU� WHUKDGDS�
NDSDVLWDV� VDPEXQJDQ� WXEXODU� \DQJ� GLSHUNXDW� GLJURXW��'DUL� KDVLO� DQDOLVLV� GLSHUROHK� EDKZD� WHEDO� GDQ� NXDW� JURXW�
WLGDN�PHPEHULNDQ� SHQJDUXK� \DQJ� VLJQLILNDQ� WHUKDGDS� SHQLQJNDWDQ� NDSDVLWDV� VDPEXQJDQ� WXEXODU� �WXEXODU� MRLQW���
6HGDQJNDQ� WHEDO� FKRUG� GDODP� GDQ� OXDU� NHGXDQ\D� PHPEHULNDQ� SHQJDUXK� \DQJ� VLJQLILNDQ� WHUKDGDS� SHQLQJNDWDQ�
NDSDVLWDV� VDPEXQJDQ� WXEXODU�� 'DUL� SHUEDQGLQJDQ� GLSHUROHK� KDVLO-KDVLO� DQDOLVLV� PHWRGH� HOHPHQ� KLQJJD� FXNXS�
PHQGHNDWL� �KDVLO-KDVLO�EHUGDVDUNDQ�SHUDWXUDQ�$3,�53��$�:6'�GDQ�KDVLO�SHUVDPDDQ�$3,�53��$�:6'�XPXPQ\D�
DGD�SDGD�VLVL�NRQVHUYDWLI�NHFXDOL�SDGD�NDVXV�EHEDQ�PRPHQ�NHOXDU�ELGDQJ� 

.DWD�NXQFL���6DPEXQJDQ�WXEXODU��VDPEXQJDQ�GLJURXW��VDPEXQJDQ�FKRUG�JDQGD��SHUEDLNDQ�VDPEXQJDQ� 

$EVWUDFW 

7KH� W\SH�RI� RIIVKRUH�SODWIRUP� IRU�RLO� DQG�QDWXUDO�JDV� H[SORUDWLRQ� WKDW� LV�ZLGHO\�XVHG� LQ� ,QGRQHVLD� LV� VWHHO� MDFNHW�
SODWIRUP��-DFNHW� W\SH�SODWIRUPV�DUH�JHQHUDOO\�PDGH�RI� WXEXODU�VWHHO��'XULQJ� WKH�VHUYLFH� OLIH�� MDFNHW� W\SH�SODWIRUPV�
RIWHQ�VXIIHU�GDPDJH�WR�WKH�MRLQWV��2QH�SUHIHUUHG�UHSDLU�PHWKRG�IRU�SODWIRUP�VWUXFWXUH�HOHPHQWV�LV�E\�JURXWLQJ��,Q�WKH�
$3,�53��$�:6'�12562.�1-����UHJXODWLRQV��WKH�IRUPXODWLRQV�RI�WXEXODU�MRLQW�FDSDFLW\�UHLQIRUFHG�E\�JURXWLQJ�DUH�
VSHFLILHG��7KH�IRUPXODWLRQV�LQ�WKH�UHJXODWLRQV�DUH�HPSLULFDO�HTXDWLRQV�WKDW�QHHG�WR�EH�H[DPLQHG�H[SHULPHQWDOO\�LQ�
WKH� ODE� RU� WHVWHG� E\� ILQLWH� HOHPHQW� DQDO\VLV� PHWKRG�� ,Q� WKLV� VWXG\�� WHVWLQJ� XVLQJ� WKH� ILQLWH� HOHPHQW� PHWKRG� LV�
FRQGXFWHG��7KH�GLVFXVVLRQ�LV�OLPLWHG�WR�WKH�W\SH�RI�WXEXODU�MRLQW�ZLWK�GRXEOH�VNLQ�FKRUG��%\�ILQLWH�HOHPHQW�DQDO\VLV��
WKH� LQIOXHQFH� RI� JURXW� WKLFNQHVV�� JURXW� VWUHQJWK�� LQQHU� FKRUG� WKLFNQHVV�� DQG� RXWHU� FKRUG� WKLFNQHVV� WR� FDSDFLW\� RI�
WXEXODU�MRLQWV�UHLQIRUFHG�ZLWK�JURXW�LV�LQYHVWLJDWHG��)URP�WKH�DQDO\VLV��LW�ZDV�IRXQG�WKDW�WKH�WKLFNQHVV�DQG�VWUHQJWK�
RI� WKH�JURXW�GR�QRW�KDYH�D� VLJQLILFDQW�HIIHFW�RQ� LQFUHDVLQJ� WXEXODU� MRLQW� FDSDFLW\��:KLOH� WKH� WKLFNQHVV�RI�ERWK� WKH�
LQQHU�DQG�RXWHU�FKRUGV�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�LQFUHDVLQJ�WKH�WXEXODU�MRLQW�FDSDFLW\��%\�FRPSDULVRQ��WKH�UHVXOWV�
RI� ILQLWH� HOHPHQW�PHWKRG�DQDO\VLV� DUH� TXLWH� FORVH� WR� WKH� UHVXOWV� EDVHG� RQ�$3,� UHJXODWLRQ� DQG� LQ� JHQHUDO� WKH�$3,�
UHVXOWV�DUH�PRUH�FRQVHUYDWLYH�H[FHSW�IRU�FDVHV�ZLWK�RXW-RI-SODQH�EHQGLQJ�ORDG� 
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���3HQGDKXOXDQ 

6DODK� VDWX� VLVWHP� EDQJXQDQ� OHSDV� SDQWDL� \DQJ� EDQ\DN�
GLJXQDNDQ� GDODP� SURVHV� HNVSORUDVL� GDQ� HNVSORLWDVL�
PLQ\DN�EXPL�GDQ�JDV�\DLWX�DQMXQJDQ� OHSDV�SDQWDL� WLSH�
MDNHW� �MDFNHW� SODWIRUP��� -DFNHW� SODWIRUP� PHUXSDNDQ�
MHQLV� EDQJXQDQ� OHSDV� SDQWDL� \DQJ� FRFRN� GLJXQDNDQ�
XQWXN� GDHUDK� ODXW� GDQJNDO� VDPSDL� NHGDODPDQ� VHGDQJ��
-DFNHW�SODWIRUP�PHUXSDNDQ�EDJXQDQ��OHSDV�SDQWDL�\DQJ�
WHUGLUL� GDUL� GXD� EDJLDQ� XWDPD� \DLWX� VWUXNWXU� MDNHW� GDQ�

VWUXNWXU� � GHN�� 6WUXNWXU� GHFN� PHUXSDNDQ� VWUXNWXU�
EDQJXQDQ� OHSDV� SDQWDL� \DQJ� EHUIXQVL� VHEDJDL� WHPSDW�
SDUD� SHNHUMD� EHUNHJLDWDQ� GDQ� WHPSDW� SHUDODWDQ��
6HGDQJNDQ� VWUXNWXU� MDNHW� PHUXSDNDQ� VWUXNWXU� UDQJND�
EDMD� WXEXODU� \DQJ� EHUIXQJVL� VHEDJDL� GXGXNDQ� XQWXN�
VWUXNWXU� GHN�� 8PXPQ\D� VHOXUXK� EDJLDQ� VWUXNWXU�
DQMXQJDQ� OHSDV�SDQWDL� MDNHW� WHUEXDW�GDUL�EDMD��6WUXNWXU�
MDNHW� ELDVDQ\D� GLEXDW� GDUL� EDMD� WXEXODU� GDQ� KXEXQJDQ�
DQWDU� EDWDQJ� GLVDPEXQJ� GHQJDQ� ODV�� VHODQMXWQ\D�
GLVHEXW�VDPEXQJDQ�WXEXODU��WXEXODU�MRLQW�� 
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.RQGLVL� OLQJNXQJDQ� ODXWDQ� \DQJ� HNVWULP� WHQWXQ\D�
GDSDW� PHQLPEXONDQ� PDVDODK-PDVDODK�� 6DODK� VDWX�
PDVDODK� \DQJ� VHULQJ� WHUMDGL� SDGD� VWUXNWXU� MDFNHW�
SODWIRUP�\DLWX�NRURVL��+DO� LQL�GLNDUHQDNDQ� OLQJNXQJDQ�
ODXWDQ� \DQJ� EHUVLIDW� NRURVLI� GDQ� MXJD� KDPSLU� VHOXUXK�
VWUXNWXU� SHQ\XVXQ� DQMXQJDQ� WHUEXDW� GDUL� EDKDQ� EDMD�
\DQJ�PXGDK� WHUNRURVL��:DODXSXQ�SHUOLQGXQJDQ�NRURVL�
ELVDQ\D� GLSDVDQJ� EHUXSD� SHUOLQGXQJDQ� NDWRGLN�� WHWDSL�
PHWRGH�SHUOLQGXQJDQ� LQL�KDQ\D�HIHNWLI�SDGD�DUHD�\DQJ�
VHODOX� WHUHQGDP� DLU�� 'DHUDK� EDVDK� DNLEDW� JHORPEDQJ�
GDQ�SDVDQJ�VXUXW��VSODVK�]RQH��ELDVDQ\D�PHQJDQGDONDQ�
SHUOLQGXQJDQ�GHQJDQ�FDW�GDQ�NHWHEDODQ�EDMD�OHELK�\DQJ�
GLNRUEDQNDQ�� 7HUMDGLQ\D� NRURVL� PHPEXDW� SHUPXNDDQ�
HOHPHQ�VWUXNWXU�EDMD�DNDQ�WHUXV�WHUNLNLV�VHKLQJJD�DNDQ�
PHQJXUDQJL�NHWHEDODQ�GDUL�HOHPHQ�EDMD�\DQJ�WHUNRURVL�
WHUVHEXW� EDKNDQ� GDSDW� PHPEXDW� HOHPHQ� VWUXNWXU�
WHUVHEXW� VDPSDL� EHUOXEDQJ�� 'HQJDQ� EHUNXUDQJQ\D�
NHWHEDODQ� DWDXSXQ� VDPSDL� EHUOXEDQJ� HOHPHQ� VWUXNWXU�
\DQJ� WHUNRURVL� PDND� DNDQ� PHPSHQJDUXKL� NDSDVLWDV�
HOHPHQ�VWUXNWXU�WHUVHEXW��6DODK�VDWX�GDHUDK�\DQJ�VHULQJ�
PHQJDODPL� NRURVL� \DLWX� SDGD� EDJLDQ� VDPEXQJDQ�
WXEXODU� �WXEXODU� MRLQW�� VWUXNWXU� MDNHW�� -HQLV� NHUXVDNDQ�
\DQJ� MXJD� VHULQJ� WHUMDGL�DGDODK� WHUMDGLQ\D�UHWDN�DNLEDW�
IDWLJXH�DNLEDW�WHUMDGLQ\D�EHEDQ�OLQJNXQJDQ�\DLWX�DQJLQ��
JHORPEDQJ� GDQ� DUXV� ODXW� \DQJ� EHUYDULDVL� EHVDU� GDQ�
DUDKQ\D� VHSDQMDQJ� PDVD� OD\DQ� VWUXNWXU�� 6WUXNWXU�
DQMXQJDQ� OHSDV� SDQWDL� MXJD� VHULQJ� PHQJDODPL�
SHUXEDKDQ� VSHVLILNDVL� SHPEHEDQDQ� DNLEDW� SHUXEDKDQ�
SHUDODWDQ� GDQ� RSHUDVL� \DQJ� WHUMDGL� SDGD� DQMXQJDQ�
DWDXSXQ� DNLEDW� WHUMDGLQ\D� SHPEDUXDQ� WHUKDGDS�
SHUDWXUDQ� SHPEHEDQDQ� VHSHUWL� SHPEDUXDQ� WHUKDGDS�
EHEDQ�JHPSD�GDQ�WHRUL�VWUXNWXU�WDKDQ�JHPSD� 

'HQJDQ� WHUMDGL� NHUXVDNDQ� DWDX� SHQLQJNDWDQ�
SHPEHEDQDQ� SDGD� DQMXQJDQ� OHSDV� SDQWDL� DNDQ� WHUMDGL�
SHQXUXQDQ� WLQJNDW� NHDPDQDQ� VWUXNWXU� DQMXQJDQ�� -LND�
WHUXV� GLELDUNDQ� WHQWXQ\D� DNDQ� EHUDNLEDW� IDWDO� SDGD�
VWUXNWXU� DQMXQJDQ� OHSDV� SDQWDL� VHSHUWL� WHUMDGLQ\D�
NHUXQWXKDQ� VHEDJLDQ� DWDX� NHVHOXUXKDQ� VWUXNWXU�
DQMXQJDQ� OHSDV� SDQWDL� LWX�� 3HUEDLNDQ� DWDX� SHUNXDWDQ�
WHUKDGDS� HOHPHQ-HOHPHQ� VWUXNWXU� \DQJ� NDSDVLWDVQ\D�
VXGDK� WLGDN� PHPHQXKL� SHUOX� GLODNXNDQ�� VHSHUWL� SDGD�
EDWDQJ� WXEXODU�� EDORN� SHQRSDQJ� GHN� GDQ� VDPEXQJDQ�
DQWDU� EDWDQJ� WHUPDVXN� VDPEXQJDQ� WXEXODU�� 3HQHOLWLDQ�
LQL� GLEDWDVL� SDGD�PHWRGH� SHUNXDWDQ� XQWXN� VDPEXQJDQ�
WXEXODU� SDGD� DQMXQJDQ� OHSDV� SDQWDL� WLSH� MDNHW�� 6DODK�
VDWX� PHWRGH� SHUEDLNDQ� \DQJ� GLDQJJDS� SDOLQJ� HIHNWLI��
\DLWX�PHWRGH�GLJURXW��3HUEDLNDQ�GHQJDQ�PHWRGH�JURXW�
GDSDW�PHQJHPEDOLNDQ�EDKNDQ�PHQLQJNDWNDQ�NDSDVLWDV�
VDPEXQJDQ� \DQJ� PHQJDODPL� NHUXVDNDQ�� %HUGDVDUNDQ�
PHWRGH� NRQVWUXNVL� \DQJ� GLWHUDSNDQ� SDGD� VWUXNWXU�
DQMXQJDQ� OHSDV� SDQWDL� WLSH� MDNHW�� DGD� GXD�
SHQJHORPSRNDQ� PHWRGH� JURXW� \DQJ� ELVD� GLWHUDSNDQ��
\DLWX� PHWRGH� JURXW� SHQXK� �IXOO\� JURXWHG� MRLQW�� GDQ�
PHWRGH� JURXW� SDGD� VDPEXQJDQ� FKRUG� JDQGD� �GRXEOH�
VNLQ�MRLQW����0HWRGH�SHUWDPD�GLWHUDSNDQ�DSDELOD�EDWDQJ�
XWDPD� VDPEXQJDQ� �FKRUG�� PHUXSDNDQ� EDWDQJ� WXQJJDO�
VHKLQJJD�JURXW�GLWHUDSNDQ�PHQJLVL�VHOXUXK�SHQDPSDQJ�
FKRUG�� 0HWRGH� NHGXD� GLWHUDSNDQ� SDGD� VDPEXQJDQ� NH�
NDNL� MDNHW� \DQJ� GLGDODPQ\D� DGD� WLDQJ� SDQFDQJ� EDMD�
WXEXODU�� .DNL� MDNHW� GDQ� WLDQJ� SDQFDQJ� PHPEHQWXN�
FKRUG� � \DQJ� WHUGLUL� GDUL� GXD� EDWDQJ� WXEXODU� \DQJ�
VHODQMXWQ\D� DNDQ� GLVHEXW� FKRUG� JDQGD� �GRXEOH� VNLQ�
FKRUG��� *URXW� GLDSOLNDVLNDQ� KDQ\D� PHQJLVL� UXDQJ�
GLDQWDUD�NHGXD�EDMD�WXEXODU�FKRUG��UXDQJ�DQQXOXV���� 

3HQJXMLDQ� GHQJDQ� PHWRGH� HOHPHQ� KLQJJD� WHUKDGDS�
PHWRGH� JURXW� SHQXK� VXGDK� GLODSRUNDQ� SDGD� SHQHOLWLDQ�
VHEHOXPQ\D��6XDUMDQD�GDQ�.XUQLD��������3HQHOLWLDQ�LQL�
GLEDWDVL�SDGD�SHQJXMLDQ�GHQJDQ�PHWRGH�HOHPHQ�KLQJJD�
XQWXN� PHWRGH� VDPEXQJDQ� FKRUG� JDQGD� �GRXEOH� VNLQ�
MRLQW�� 

%HEHUDSD� SHQHOLWLDQ� VXGDK�PHODNXNDQ� NDMLDQ� WHUKDGDS�
NDSDVLWDV� VDPEXQJDQ� WXEXODU�� 6DODK� VDWX� SHORSRU�
SHQJHPEDQJDQ�SHUVDPDDQ�XQWXN�NDSDVLWDV� VDPEXQJDQ�
WXEXODU�DGDODK�<XUD��<XUD�HW��DO���������6ZHQVVRQ�GDQ�
<XUD� ��������\DQJ�PHQJHPEDQJNDQ�IRUPXODVL�HPSLULV�
EHUGDVDUNDQ�KDVLO-KDVLO�HNVSHULPHQWDO���6KHQ�GDQ�&KRR�
������� PHQHOLWL� IDNWRU� NRQVHQWUDVL� WHJDQJDQ� SDGD�
VDPEXQJDQ� WXEXODU� 7� GLJURXW� SHQXK� GHQJDQ� PHWRGH�
HOHPHQ� KLQJJD��*RPHV� HW�� DO�� �������PHQHOLWL� GHQJDQ�
FDUD�HNVSHULPHQWDO�GDQ�GHQJDQ�PHWRGH�HOHPHQ�KLQJJD�
NHNXDWDQ� VDPEXQJDQ� EDMD� SHUVHJL� EHURQJJD� �KROORZ��
\DQJ�GLSHUNXDW�GHQJDQ�SHODW�SDGD�VLVLQ\D��0HOHN�HW��DO��
������� PHQHOLWL� NHNXDWDQ� VDPEXQJDQ� WXEXODU� \DQJ�
GLSHUNXDW� GHQJDQ� PHQDPEDKNDQ� EDMD� WXEXODU�
PHOLQJNDUL�FKRUG� GHQJDQ�PHWRGH� HOHPHQ� KLQJJD��:HL�
������� PHODNXNDQ� SHQHOLWLDQ� XQWXN� PHPSHODMDUL�
SULODNX�EDWDQJ�GDQ�VDPEXQJDQ� WXEXODU�GLJURXW�GHQJDQ�
FDUD�HNVSHULPHQWDO�GDQ�GHQJDQ�PHWRGH�HOHPHQ�KLQJJD��
8QWXN� VDPEXQJDQ� \DQJ� GLODSRUNDQ� DGDODK� IDNWRU�
NRQVHQWUDVL� WHJDQJDQ� XQWXN� WLSH� VDPEXQJDQ� GLJURXW�
SHQXK��6KHQJ]KL�GDQ�<RQJER��������PHQHOLWL�NHNXDWDQ�
VDPEXQJDQ� WXEXODU� \DQJ� GLSHUNXDW� GHQJDQ� SHQHEDODQ�
EDMD� GHQJDQ� PHWRGH� HOHPHQ� KLQJJD�� 6KXELQ� HW�� DO��
������� PHQHOLWL� NHNXDWDQ� VDPEXQJDQ� WXEXODU� \DQJ�
GLSHUNXDW�SHODW�GHQJDQ�PHWRGH�HOHPHQ�KLQJJD� 

'DODP� SHUDWXUDQ� $3,� 53� �$� :6'� ������� GDQ�
12562.� 1-�� �������� SHUKLWXQJDQ� NDSDVLWDV�
VDPEXQJDQ�WXEXODU�\DQJ�GLSHUNXDW�GLJURXW�VDQJDW�PLULS�
GHQJDQ� XQWXN� VDPEXQJDQ� WXEXODU� WDQSD� JURXW�� %DJLDQ�
\DQJ� EHUEHGD� DGDODK� SHUKLWXQJDQ� IDNWRU� NDSDVLWDV�
IXQJVL� JHRPHWUL�� 8QWXN� VDPEXQJDQ� FKRUG� JDQGD�
�GRXEOH� VNLQ� MRLQW��� EHVDU� NDSDVLWDV� VDPEXQJDQ� MXJD�
GLSHQJDUXKL� ROHK� WHEDO� EDWDQJ� GDODP� VHGDQJNDQ�
SHQJDUXK�WHEDO�JURXW�GDQ�NHNXDWDQ�PDWHULDO�JURXW�WLGDN�
GLSHUKLWXQJNDQ�� 

�3HQHOLWLDQ� LQL� GLDUDKNDQ� XQWXN� PHQJNDML� GDQ�
PHQJDQDOLVLV� VDPEXQJDQ� WXEXODU� \DQJ� GLJURXW�
NKXVXVQ\D�WLSH�FKRUG�JDQGD��GRXEOH�VNLQ�MRLQW���'DODP�
SHQHOLWLDQ� LQL� DNDQ� GLODNXNDQ� DQDOLVLV� XQWXN� PHOLKDW�
KXEXQJDQ�WHEDO�EDWDQJ�GDODP��WHEDO�JURXW� ��NXDW�JURXW��
GDQ� WHEDO� EDWDQJ� FKRUG� OXDU� WHUKDGDS� SHQLQJNDWDQ�
NDSDVLWDV� VDPEXQJDQ� WXEXODU�� 3DGD� SHQHOLWLDQ� LQL�
GLODNXNDQ� DQDOLVLV� VDPEXQJDQ� WXEXODU� GHQJDQ� PHWRGH�
HOHPHQ�KLQJJD�PHQJJXQDNDQ�VRIWZDUH�$%$486�&$(�
������ $QDOLVLV� GHQJDQ� PHWRGH� HOHPHQ� KLQJJD� GLSLOLK�
NDUHQD� UHODWLI� OHELK� HIHNWLI� GLEDQGLQJNDQ� GHQJDQ�
PHODNXNDQ� HNVSHULPHQWDO� GDQ� MXJD� KDVLO� \DQJ�
GLSHUROHK�VXGDK�FXNXS�EDJXV�� 

��� 6DPEXQJDQ� 7XEXODU� 'LJURXW� �*URXWHG�
7XEXODU�-RLQW�� 

6DPEXQJDQ� WXEXODU� � PHUXSDNDQ� SHUWHPXDQ�KXEXQJDQ�
DQWDUD� GXD� DWDX� OHELK� EDWDQJ� WXEXODU�� %DWDQJ� XWDPD�
SDGD� VDPEXQJDQ� WXEXODU� GLVHEXW� EDWDQJ� FKRUG���
VHGDQJNDQ�EDWDQJ-EDWDQJ�ODLQQ\D�\DQJ�PHQXPSX�SDGD�
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EDWDQJ� FKRUG� GLVHEXW� EDWDQJ� EUDFH�� 7HUGDSDW� EHUEDJDL�
MHQLV� VDPEXQJDQ� WXEXODU� EHUGDVDUNDQ� EDQ\DNQ\D� EDWDQJ�
EUDFH�GDQ� DUDKQ\D� \DQJ�GLNHORPSRNNDQ�GDODP� WLJD� WLSH�
VDPEXQJDQ� VHGHUKDQD�\DLWX�.��;��GDQ�<�7��6DPEXQJDQ�
WLSH� 7� DGDODK� VDPEXQJDQ� WLSH� <� \DQJ� VXGXW� DQWDU�
EDWDQJQ\D� ��R�� 3HQHOLWLDQ� LQL� GLEDWDVL� SDGD� VDPEXQJDQ�
WLSH�7� 

3DGD� XPXPQ\D� DQMXQJDQ� OHSDV� SDQWDL� GLEDQJXQ� GHQJDQ�
EDMD-EDMD� WXEXODU� \DQJ� WLGDN� GLJURXW� WHUPDVXN� SDGD�
VDPEXQJDQ-VDPEXQJDQQ\D�� *URXW� GLDSOLNDVLNDQ� SDGD�
EDWDQJ� DWDX� VDPEXQJDQ� WXEXODU� VHEDJDL� VXDWX� PHWRGH�
SHUEDLNDQ� DWDX� SHUNXDWDQ� GHQJDQ� FDUD� PHQJLQMHNVL�
PDWHULDO� JURXW� XQWXN� PHQJLVL� UXDQJ� GDODP� EDWDQJ� DWDX�
VDPEXQJDQ�� 0HWRGH� PHPEHULNDQ� JURXW� PHUXSDNDQ�
PHWRGH�\DQJ�ELDVD�GLODNXNDQ�SDGD�DQMXQJDQ�OHSDV�SDQWDL��
+DO� LQL� GLNDUHQDNDQ� PHWRGH� JURXW� PHUXSDNDQ� PHWRGH�
\DQJ� FXNXS� HIHNWLI� PHQJHPEDOLNDQ� DWDX� PHQLQJNDWNDQ�
WDKDQDQ� VDPEXQJDQ� GDQ� MXJD� PXUDK� VHUWD� GDSDW�
PHQJKLQGDUL� SHPDNDLDQ� ODV� \DQJ� VDQJDW� EHUEDKD\D� GL�
GDHUDK�\DQJ�EDQ\DN�JDV�GDQ�PLQ\DN�� 

7HUGDSDW� GXD� WLSH� PHWRGH� JURXW� \DQJ� ELVD� GLWHUDSNDQ�
SDGD� VDPEXQJDQ� WXEXODU�� \DLWX� JURXW� SHQXK� �IXOO\�
JURXWHG�� GDQ� JURXW� FKRUG� JDQGD� �GRXEOH� VNLQ� MRLQW��
VHSHUWL�GLWXQMXNNDQ�SDGD�*DPEDU����*URXW�SHQXK� �IXOO\�
JURXWHG�� PHUXSDNDQ� JURXW� \DQJ� GLWHUDSNDQ� SDGD�
VDPEXQJDQ� GHQJDQ� EDWDQJ� FKRUG� PHUXSDNDQ� EDWDQJ�
WXQJJDO�� 6HGDQJNDQ� JURXW� FKRUG� JDQGD� �GRXEOH-VNLQ�
JURXW�� PHUXSDNDQ� JURXW� \DQJ� GLWHUDSNDQ� SDGD�
VDPEXQJDQ�GHQJDQ�EDWDQJ�FKRUG� WHUGLUL�GDUL�GXD�EDWDQJ�
WXEXODU��6LVWHP�FKRUG�JDQGD� VDQJDW� XPXP�GLSDNDL� SDGD�
NDNL-NDNL� DQMXQJDQ� OHSDV� SDQWDL� WLSH� MDNHW��'DUL�PHWRGH�
NRQVWUXNVL�DQMXQJDQ�OHSDV�SDQWDL�WLSH�MDNHW��ELDVDQ\D�NDNL
-NDNL� MDNHW� GLSDNDL� VHEDJDL� JXLGH� VDDW� SHPDQFDQJDQ�
SRQGDVL� WLDQJ� SDQFDQJ�� 'HQJDQ� VLVWHP� LQL� NDNL� MDNHW�
EHULVL� WLDQJ� SDQFDQJ� \DQJ� VHFDUD� EHUVDPD� GDSDW�
GLPDQIDDWNDQ�VHEDJDL�VDPEXQJDQ�WLSH�FKRUG�JDQGD� 

*DPEDU����7LSH-WLSH�VDPEXQJDQ�WXEXODU�GLJURXW 

3HQJXMLDQ� GHQJDQ� PHWRGH� HOHPHQ� KLQJJD� WHUKDGDS�
PHWRGH� JURXW� SHQXK� VXGDK� GLODSRUNDQ� SDGD� SHQHOLWLDQ�
VHEHOXPQ\D� �6XDUMDQD� GDQ� .XUQLD� ������� 3HQHOLWLDQ� LQL�
PHUXSDNDQ�NHODQMXWDQ�SHQJXMLDQ�GHQJDQ�PHWRGH�HOHPHQ�
KLQJJD� XQWXN� PHWRGH� VDPEXQJDQ� FKRUG� JDQGD� �GRXEOH�
VNLQ�MRLQW�� 

��� )RUPXODVL�.DSDVLWDV��6DPEXQJDQ��%HUGDVDUNDQ�
3HUDWXUDQ� 

)RUPXODVL�NHNXDWDQ�VDPEXQJDQ�WLGDN�GLSHUNXDW�PDXSXQ�
\DQJ�GLSHUNXDW�GLJURXW�VXGDK�GLDWXU�SDGD�3HUDWXUDQ�$3,�
53��$�:6'������GDQ�12562.�1-����������.HGXD�
SHUDWXUDQ�LQL�PHPEHULNDQ�IRUPXODVL�\DQJ�EHUEHGD�WHWDSL�
VDQJDW� VHUXSD�� 8QWXN� SHQHOLWLDQ� LQL� DNDQ� GLEDWDVL�
SHPEDQGLQJDQ� GHQJDQ� 3HUDWXUDQ� $3,� 53� �$� :6'�
����� 

��� .DSDVLWDV� VDPEXQJDQ� WXEXODU� EHUGDVDUNDQ�
SHUDWXUDQ�$3,�53��$�:6' 

0DVLQJ-PDVLQJ� WLSH� VDPEXQJDQ� �.�� ;�� GDQ� <�7� ��
PHPLOLNL�SHUVDPDDQ�NDSDVLWDV�\DQJ�EHUEHGD��.DSDVLWDV�
GDUL�PDVLQJ-PDVLQJ�WLSH�VDPEXQJDQ�VHGHUKDQD�WHUVHEXW�
GLSHQJDUXKL�ROHK�SDUDPHWHU-SDUDPHWHU�JHRPHWUL��\DLWX� 

· G��\DLWX�GLDPHWHU�EDWDQJ�EUDFH� 

· '��\DLWX�GLDPHWHU�EDWDQJ�FKRUG�� 

· W��\DLWX�NHWHEDODQ�EDWDQJ�EUDFH� 

· 7��\DLWX�NHWHEDODQ�EDWDQJ�FKRUG�� 

· �����\DLWX�VXGXW�DQWDUD�EDWDQJ�EUDFH�GHQJDQ�EDWDQJ�
FKRUG 

· ȕ��UDVLR�GLDPHWHU���\DLWX��ȕ� ��G�'��\DQJ�
PHQJJDPEDUNDQ�SDUDPHWHU�NHNRPSDNDQ�VDPEXQJDQ� 

· Ȗ��UDVLR�NHWHEDODQ�FKRUG��\DLWX�Ȗ� ��'��7��\DQJ�
PHQJJDPEDUNDQ�NHNDNXDQ�GDUL�EDWDQJ�FKRUG� 

· Ĳ��UDVLR�NHWHEDODQ�GLQGLQJ���\DLWX�Ĳ� ��W�7� 

· Į��SDUDPHWHU�SDQMDQJ�FKRUG���\DLWX�Į� ���/�'��\DQJ�
PHQJJDPEDUNDQ�EDKZD�EDWDQJ�FKRUG�EHUVLIDW�EDORN�
GDODP�OHQWXU� 

· J��FHODK�DWDX�JDS���\DLWX�MDUDN�DQWDUD�GXD�EUDFH�\DQJ�
GLVDPEXQJNDQ��SDGD�SHUWHPXDQ�GHQJDQ�FKRUG��XQWXN�
VDPEXQJDQ�.� 

.DSDVLWDV� GDUL� PDVLQJ-PDVLQJ� WLSH� VDPEXQJDQ� MXJD�
GLSHQJDUXKL�ROHK�SDUDPHWHU-SDUDPHWHU�PDWHULDO��\DLWX� 

· )\��\DLWX�NXDW�OHOHK�PDWHULDO�EDMD 

· (V��\DLWX�PRGXOXV�HODVWLVLWDV�EDMD 

· IF
��\DLWX�NXDW�WHNDQ�JURXW 

· HF¶��\DLWX�UHJDQJDQ�EDWDV�JURXW 

3HUVDPDDQ� WDKDQDQ� VDPEXQJDQ� WXEXODU� SDGD� 3HUDWXUDQ�
$3,� 53� �$� :6'� GLEDWDVL� KDQ\D� EHUODNX� XQWXN�
VDPEXQJDQ�\DQJ�PHPHQXKL�NULWHULD�EHULNXW�� 

·  

·  

·  

·  

����)RUPXODVL�NDSDVLWDV�GDVDU 

3HUXPXVDQ� NDSDVLWDV� VDPEXQJDQ� PHQXUXW� SHUDWXUDQ�
$3,�53��$�:6'�GLWXQMXNNDQ�SDGD�3HUVDPDDQ���GDQ��� 
 

 ��� 
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-HQLV�
6DPEXQJDQ $NVLDO�WDULN $NVLDO�WHNDQ 0RPHQ�VHELGDQJ 0RPHQ 

NHOXDU�ELGDQJ 

.  

  

<�7   

;  
  

 

 

.HWHUDQJDQ�� 

3D� �� .DSDVLWDV�DNVLDO�LMLQ�VDPEXQJDQ 

0D �� .DSDVLWDV�PRPHQ�LMLQ�VDPEXQJDQ 

4X �� )DNWRU�NHNXDWDQ�IXQJVL�JHRPHWUL�VDPEXQJDQ� 

4I � )DNWRU� NHNXDWDQ� IXQJVL� WHJDQJDQ� SDGD� EDWDQJ�
 FKRUG 

6) �� $QJND�NHDPDQD��6DIHW\�)DFWRU�� ���� 

����)DNWRU�NHNXDWDQ�IXQJVL�JHRPHWUL��4X� 

)DNWRU� NHNXDWDQ� IXQJVL� JHRPHWUL� �4X�� VXDWX�
VDPEXQJDQ� EHUJDQWXQJ� GDUL� WLSH� � GDQ� GLPHQVL�
VDPEXQJDQ�� )RUPXODVL�4X� XQWXN� PDVLQJ-PDVLQJ� WLSH�
VDPEXQJDQ�GLEHULNDQ�SDGD�7DEHO��� 

.HWHUDQJDQ�� 

D� 4ȕ� PHUXSDNDQ� IDNWRU� GLPHQVL� \DQJ� GLGHILQLVLNDQ�
VHEDJDL�EHULNXW�� 

 

 
 
E� 4J�PHUXSDNDQ�IDNWRU�MDUDN��JDS��\DQJ�GLGHILQLVLNDQ�

EHULNXW�� 

 

 

 

'LPDQD�� 

-LND���������������������������PDND�QLODL�4J�KDUXV�GLLQWHUSRODVL� 

����)DNWRU�NHNXDWDQ�IXQJVL�EHEDQ�FKRUG��4I� 

4I� DGDODK� IDNWRU� \DQJ� PHPSHUKLWXQJNDQ� SHQJDUXK�
EHEDQ� GDQ� NDSDVLWDV� FKRUG� GDODP� PHPLNXO� EHEDQ�
VHEDJDL� EDWDQJ�� 8QWXN� SHQHOLWLDQ� LQL� GLEDWDVL� NDVXV�
EHEDQ� SDGD� FKRUG� WLGDN� FXNXS� EHVDU� XQWXN�
PHPSHQJDUXKL�NHNXDWDQ�VDPEXQJDQ�VHKLQJJD�GLDPELO�
4I� �  � ����� 1LODL� NDSDVLWDV� VDPEXQJDQ� � DNDQ�
GLEDQGLQJNDQ� GHQJDQ� KDVLO� DQDOLVLV� PHWRGH� HOHPHQ�
KLQJJD�GHQJDQ�FKRUG�WLGDN�GLEHEDQL�VHODLQ�GDUL�EDWDQJ�
EUDFH� 

7DEHO��� )DNWRU�NHNXDWDQ�IXQJVL�JHRPHWUL��4X��EHUGDVDUNDQ�$3,�53��$�:6' 

����)RUPXODVL�XQWXN�VDPEXQJDQ�GLJURXW 

'DODP� SHUDWXUDQ� � $3,� 53� �$�:6'� ������ IRUPXODVL�
NDSDVLWDV�VDPEXQJDQ�GLJURXW�GLEHULNDQ�GHQJDQ�QLODL�4X�

\DQJ� GLPRGLILNDVL�� %HUGDVDUNDQ� $3,� 53� �$� :6'��
XQWXN� VDPEXQJDQ� � GLJURXW� SHQXK� PDXSXQ� NRQGLVL�
FKRUG�JDQGD��QLODL�4X�GLWXQMXNNDQ�SDGD�7DEHO��� 

7DEHO� �� WLGDN� PHPEHULNDQ� IDNWRU� NDSDVLWDV� IXQJVL�
JHRPHWUL� �4X�� XQWXN� NDSDVLWDV� WHNDQ�� +DO� LQL�
GLNDUHQDNDQ� VDPEXQJDQ� GLJURXW�� WHUXWDPD� WLSH� JURXW�
SHQXK�� � VDQJDW� NXDW� PHQDKDQ� JD\D� WHNDQ� VHKLQJJD�
NDSDVLWDV� VDPEXQJDQ� GLJURXW� XQWXN� NRQGLVL� DNVLDO�
WHNDQ�ELDVDQ\D�OHELK�EHVDU�GDUL�NDSDVLWDV�EDWDQJ�EUDFH��
'HQJDQ� NDWD� ODLQ�� EDWDQJ� EUDFH� OHELK� GDKXOX�
PHQJDODPL�NHJDJDODQ�GLEDQGLQJNDQ�VDPEXQJDQ�� 

3HUVDPDDQ� SDGD� 7DEHO� �� GDSDW� GLSDNDL� XQWXN�
VDPEXQJDQ� JURXW� SHQXK� PDXSXQ� VDPEXQJDQ� FKRUG�
JDQGD�� 7HWDSL�� NKXVXV� XQWXN� VDPEXQJDQ� FKRUG� JDQGD�
NHJDJDODQ� ELVD� MXJD� WHUMDGL� DNLEDW� GHIRUPDVL� FKRUG�
�RYDOL]DWLRQ��� .DSDVLWDV� VDPEXQJDQ� FKRUG� JDQGD�
WHUKDGDS� RYDOL]DWLRQ� GDSDW� GLSHUNLUDNDQ� GHQJDQ�
SHUVDPDDQ� VDPEXQJDQ� WDQSD� JURXW� SDGD� 7DEHO� ��
GHQJDQ�PHQJJDQWL�NHWHEDODQ�EDWDQJ�FKRUG��7��GHQJDQ�
NHWHEDODQ�HIHNWLI��7H��VHVXDL�3HUVDPDDQ���� 

 

 

.HWHUDQJDQ� 

7H �� .HWHEDODQ�HIHNWLI�EDWDQJ�FKRUG�JDQGD  
7 �� .HWHEDODQ�EDWDQJ�FKRUG�OXDU��NDNL�MDNHW� 
7S �� .HWHEDODQ�EDWDQJ�FKRUG�GDODP��WLDQJ�SDQFDQJ� 

���0RGHO�(OHPHQ�+LQJJD� 

0HWRGH� HOHPHQ� KLQJJD� �0(+�� DGDODK� VDODK� VDWX�
PHWRGH� \DQJ� ELVD� PHPEHULNDQ� KDVLO� \DQJ� DNXUDW�
EHUJDQWXQJ� SDGD� SHPRGHODQ� REMHN�SHUPDVDODKDQQ\D��
3DGD�EDJLDQ�LQL�GLSUHVHQWDVLNDQ�SHPLOLKDQ�HOHPHQ�GDQ�
SHPEXDWDQ� MDULQJ-MDULQJ� �PHVK�� GDQ� NULWHULD� NDSDVLWDV�
\DQJ�GLWHUDSNDQ�GDODP�DQDOLVLV� 

7DEHO����1LODL�4X�VDPEXQJDQ�GLJURXW�EHUGDVDUNDQ�$3, 

-HQLV�
6DPEXQJDQ $NVLDO�WDULN 0RPHQ�

VHELGDQJ 
0RPHQ�NHOXDU�

ELGDQJ 

<�.�; 

 
  

��� 

��� 
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*DPEDU����-HQLV-MHQLV�HOHPHQ�VROLG�$%$486 
�VXPEHU��$%$486������ 

9DQ� 'HU9HJWH� HW� DO� ������� PHQJJXQDNDQ� MHQLV� HOHPHQ�
PHVKLQJ� &�'��5� GDODP� SHPRGHODQ� VDPEXQJDQ� WXEXODU��
XQWXN� PHPSHUKLWXQJNDQ� SHQJDUXK� SHPEHEDQDQ� DZDO�
SDGD� EDWDQJ� FKRUG�� 6HGDQJNDQ� 6KXELQ� HW� DO� �������
PHQJJXQDNDQ�MHQLV�&�'�,�XQWXN�SHPRGHODQ�VDPEXQJDQ�
WXEXODU�GHQJDQ�SHQJDNX��8QWXN�SHQHOLWLDQ� LQL�GLJXQDNDQ�
HOHPHQ�&�'�,��'DODP�$%$486��������WHODK�GLMHODVNDQ�
EDKZD� &�'�,� PHUXSDNDQ� PRGHO� SHUEDLNDQ� GDUL� MHQLV�
&�'���'LPDQD� �&�'�,� LQL�PHPLOLNL� NXDOLWDV� \DQJ� MDXK�
OHELK� EDLN� GDUL� &�'��� 2OHK� NDUHQD� LWX�� SHQJJXQDNDQ�
HOHPHQ� &�'�,� VHULQJ� GLJXQDNDQ� XQWXN� SHPRGHODQ�
NKXVXVQ\D� VDPEXQJDQ� WXEXODU�� +DO� LQL� GLNDUHQDNDQ��
HOHPHQ� &�'�,� SDOLQJ� VHVXDL� PHPRGHONDQ� NRQWDN� GDQ�
PHPLOLNL� WLQJNDW�DNXUDVL�\DQJ�FXNXS�EDLN�GHQJDQ�EHEDQ�
NRPSXWHU��&38�WLPH��\DQJ�UHODWLI�UHQGDK�� 

6HODLQ� SHQJJXQDDQ� WLSH� HOHPHQ� GDODP� SHPRGHODQ��
SHPEDJLDQ� HOHPHQ� �PHVKLQJ�� MXJD� SHUOX� VDQJDW�
PHPSHQJDUXKL�DNXUDVL�KDVLO�PHWRGH�HOHPHQ�KLQJJD��3DGD�
GDVDUQ\D�SHPEHQWXNDQ� MDULQJ-MDULQJ� �PHVK�� SDGD�GDHUDK�
GHQJDQ� JUDGLHQ� WHJDQJDQ� \DQJ� EHVDU� KDUXV� OHELK� UDSDW��
.KXVXV� VDPEXQJDQ� WXEXODU�� JUDGLHQ� WHJDQJDQ� WHUEHVDU�
WHUMDGL� SDGD� GDHUDK� SHUWHPXDQ� DQWDUD� EDWDQJ� EUDFH�
GHQJDQ� EDWDQJ� FKRUG� VHKLQJJD� SHPEDJLDQ� HOHPHQ� SDGD�
GDHUDK�WHUVHEXW�KDUXV�OHELK�UDSDW� 

&RQWRK� MDULQJ-MDULQJ� HOHPHQ� KLQJJD� XQWXN� DQDOLVLV�
VDPEXQJDQ� WXEXODU� \DQJ� GLSDNDL� GDODP� SHQHOLWLDQ� LQL�
GLWXQMXNNDQ� SDGD�*DPEDU� ��� 3HUWHPXDQ� DQWDUD� HOHPHQ�
EDMD� GLJURXW� GLPRGHONDQ� VHEDJDL� HOHPHQ� NRQWDN� \DQJ�
KDQ\D�HIHNWLI�PHQ\DOXUNDQ�WHJDQJDQ�WHNDQ��$SDELOD�SDGD�
GDHUDK� SHUWHPXDQ� HOHPHQ� EDMD� GDQ� JURXW� WHUMDGL�
NHFHQGHUXQJDQ� WHJDQJDQ� WDULN�� PDND� DNDQ� WLPEXO� FHODK�
�JDS���DQWDUD�NHGXD�MHQLV�PDWHULDO� 

*DPEDU����-DULQJ-MDULQJ�HOHPHQ�KLQJJD�VDPEXQJDQ�WXEXODU 

���� 7LSH� HOHPHQ� GDQ� PRGHO� � WLSLNDO� VDPEXQJDQ�
WXEXODU 

0RGHO� HOHPHQ� KLQJJD� XQWXN� VDPEXQJDQ� WXEXODU� � GDSDW�
GLEHQWXN� GHQJDQ� HOHPHQ� VROLG� DWDX� HOHPHQ� FDQJNDQJ��
'DODP� SHQHOLWLDQ� LQL� GLJXQDNDQ� HOHPHQ� VROLG� GHODSDQ�
WLWLN�GDQ�VRIWZDUH�$%$486� ��������0HQXUXW�6ZHQVVRQ�
GDQ�<XUD��������PHQJJXQDNDQ�HOHPHQ�VROLG�GDQ�HOHPHQ�
FDQJNDQJ� PHPEHULNDQ� KDVLO� \DQJ� WLGDN� MDXK� EHUEHGD�
XQWXN� DQDOLVLV� VDPEXQJDQ� WXEXODU�� 'DODP� SHQHOLWLDQ� LQL�
GLSLOLK� HOHPHQ� WLSH� VROLG� NDUHQD� OHELK� PXGDK� GDODP�
SHPRGHODQ� GDQ� YLVXDOLVDVL� HOHPHQ� \DQJ� WHUGLUL� GDUL�
EHEHUDSD� ODSLV� PDWHULDO� \DQJ� EHUEHGD�� 8QWXN� � HOHPHQ�
VROLG�� SDGD� VRIWZDUH� $%$486� � DGD� WLJD� WLSH� HOHPHQ�
\DQJ� XPXP� GLJXQDNDQ� \DLWX� MHQLV� &�'�,� �+H[� /LQHDU�
,QFRPSDWLEOH�0RGHV���&�'��5��+H[�4XDGUDWLF����VROLG�
HOHPHQWV� 5HGXFHG� ,QWHJUDWLRQ��� GDQ� &�'��0� VHSHUWL�
GLWXQMXNNDQ�SDGD�*DPEDU��� 

����3HQHQWXDQ�NHJDJDODQ�VDPEXQJDQ�WXEXODU 

8QWXN�PHQHQWXNDQ�NHJDJDODQ�VXDWX�VDPEXQJDQ�WXEXODU�
KDUXV� GLWHQWXNDQ� VXDWX� SDUDPHWHU� EDWDV�� � 'DODP�
SHQHOLWLDQ� LQL� GLJXQDNDQ� VXDWX� EDWDV� GHIRUPDVL� XQWXN�
PHQHQWXNDQ� NDSDVLWDV� VDPEXQJDQ� WXEXODU�� � %DWDV�
GHIRUPDVL� \DQJ� GLJXQDNDQ� \DLWX� <XUD� 'HIRUPDWLRQ�
/LPLW��6ZHQVVRQ�GDQ�<XUD�������3HFNQROG�HW��DO���������
%DWDV� GHIRUPDVL� <XUD� LQL� PHPEHULNDQ� EDWDVDQ�
SHUSLQGDKDQ� GDQ� URWDVL� \DQJ� WHUMDGL� SDGD� MRLQ� WXQJJDO�
VHSHUWL� MRLQ�7�GDQ� MRLQ�<��%DWDV�GHIRUPDVL�<XUD� �<XUD�
GHIRUPDWLRQ� OLPLW��GLWXQMXNNDQ�SDGD�3HUVDPDDQ���GDQ�
�� 

%DWDV�SHUSLQGDKDQ�<XUD��\DLWX� 

 

%DWDV�URWDVL�<XUD��\DLWX 

 

���6WXGL�.DVXV 

����'HVNULSVL�PRGHO 

'DODP� SHQHOLWLDQ� LQL� DNDQ� GLWLQMDX� VDPEXQJDQ� WXEXODU�
XQWXN� EHUEDJDL� YDULDVL� \DQJ� GLPRGHONDQ� GHQJDQ�
NRQILJXUDVL�VHSHUWL�GLWXQMXNNDQ�*DPEDU��� 

8QWXN� PHOLKDW� KXEXQJDQ� DQWDUD� NHWHEDODQ� JURXW� GDQ�
NHNXDWDQ� JURXW� WHUKDGDS� NDSDVLWDV� VDPEXQJDQ� WXEXODU�
PDND� GLEXDW� EHEHUDSD� PRGHO� VDPEXQJDQ� WXEXODU��
GHQJDQ� YDULDVL� NHWHEDODQ� JURXW� GDQ� YDULDVL� NHNXDWDQ�

*DPEDU����.RQILJXUDVL�GDQ�GLPHQVL�VDPEXQJDQ�WXEXODU 
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7DEHO����'HVNULSVL�PRGHO�VDPEXQJDQ�WXEXODU 

*DPEDU����.XUYD�WHJDQJDQ�UHJDQJDQ�SODVWLV�EDMD 

*DPEDU����.XUYD�WHJDQJDQ�UHJDQJDQ�JURXW 

0RGHO�NODVLN�SODVWLVLWDV�YRQ�0LVHV�GLSHUJXQDNDQ�XQWXN�
EDMD�� 0RGHO� PHQHUDSNDQ� SHUPXNDDQ� OHOHK� YRQ�0LVHV�
\DQJ� GLDVRVLDVLNDQ� GHQJDQ� DOLUDQ� SODVWLN� XQWXN� OHOHK�
LVRWURSLV� GDQ� KDUGHQLQJ�� )RUPXODVL� GHWDLO� PRGHO� LQL�
GDSDW� GLOLKDW� DQWDUD� ODLQ� SDGD� PDQXDO� $%$486�
��$%$486�������GDQ�:HL�������� 

0RGHO� XQWXN� JURXW� GLWHQWXNDQ� GHQJDQ� PHQHUDSNDQ�
NXUYD� XQL-DNVLDO� SDGD�*DPEDU� �� NH� PRGHO� PDWHULDO�
FRQFUHWH� GDPDJHG� SODVWLFLW\� SDGD� SHUDQJNDW� OXQDN�
$%$486�� 0RGHO� FRQFUHWH� GDPDJHG� SODVWLFLW\�
PHPEHULNDQ� NHPDPSXDQ� XPXP� XQWXN� SHPRGHODQ�
EHWRQ� GDQ� PDWHULDO� TXDVL-JHWDV� ODLQ� SDGD� VWUXNWXU��
'HWDLO�GDQ�GDVDU� WHRUL�PRGHO�PDWHULDO� LQL�GDSDW�GLOLKDW�
DQWDUD� ODLQ�SDGD�PDQXDO�$%$486� ��$%$486�������
GDQ�:HL�������� 

����9HULILNDVL�WLSH�HOHPHQ�KLQJJD 

8QWXN�PHPDVWLNDQ�PRGHO�HOHPHQ�KLQJJD�\DQJ�GLSDNDL�
VXGDK� PHPEHULNDQ� DNXUDVL� \DQJ� PHPDGDL�� GLODNXNDQ�
YHULILNDVL� MXPODK� ODSLVDQ� HOHPHQ� GDQ� WLSH� HOHPHQ��
9HULILNDVL� \DQJ� GLODNXNDQ� DGDODK� XQWXN� PHPSHODMDUL�
MHQLV� HOHPHQ� GDQ� PHVKLQJ� \DQJ� HILVLHQ� XQWXN�
PHQGDSDWNDQ� NRQYHUJHQVL� KDVLO� GHQJDQ� XVDKD�
NRPSXWDVL�PLQLPDO��'XD�MHQLV�HOHPHQ�\DQJ�GLVHGLDNDQ�
$%$486� GLEDQGLQJNDQ�� \DLWX� HOHPHQ� &�'�,� GDQ�
&�'��5�� -XPODK� ODSLV� HOHPHQ� XQWXN� GLVNULWLVDVL� EDMD�
GDQ� JURXW� MXJD� GLEDQGLQJNDQ� GHQJDQ� PHPYDULDVLNDQ�
MXPODK� ODSLVDQ� HOHPHQ� GDUL� �� ODSLV�� �� ODSLV� VDPSDL�
GHQJDQ� �� ODSLV�� 9HULILNDVL� EDQ\DNQ\D� ODSLVDQ� HOHPHQ�

JURXW�� 6HODLQ� LWX�� SDGD� SHQHOLWLDQ� LQL� MXJD� GLPRGHONDQ�
EHEHUDSD�VDPEXQJDQ� WXEXODU�GHQJDQ�YDULDVL�NHWHEDODQ�
EDWDQJ�FKRUG� OXDU� �GDQ�YDULDVL�NHWHEDODQ�EDWDQJ�FKRUG�
GDODP�� 0DVLQJ-PDVLQJ� GLEXDW� �� YDULDVL� PRGHO� XQWXN�
PHOLKDW� SHUEDQGLQJDQ� SHQLQJNDWDQ� NDSDVLWDVQ\D�
VHKLQJJD� WRWDO� PRGHO� VDPEXQJDQ� WXEXODU� \DLWX� ���
PRGHO�� 5DQJNXPDQ� PRGHO� VDPEXQJDQ� WXEXODU� \DQJ�
GLPRGHONDQ�GLWXQMXNNDQ�SDGD�7DEHO�����3DGD�7DEHO����
DQJND�PHUDK�PHQXQMXNNDQ�YDULDEHO�\DQJ�GLYDULDVLNDQ�
XQWXN�VHWLDS�NHORPSRN��8QWXN�VHPXD�PRGHO�GLODNXNDQ�
DQDOLVLV�GLJURXW�GDQ� WDQSD�JURXW��$SDELOD� VXDWX�PRGHO�
GLDQDOLVLV� XQWXN�NRQGLVL� WDQSD�JURXW��PRGHO� JURXW� GDQ�
FKRUG�GDODP�WLGDN�GLDNWLINDQ� 

����0RGHO�PDWHULDO� 

'DODP� VWXGL� NDVXV� LQL� GLJXQDNDQ� GXD� MHQLV� PDWHULDO�
\DLWX� PDWHULDO� EDMD� GDQ� PDWHULDO� JURXW�� 8QWXN� VHPXD�
PRGHO�� PDWHULDO� EDMD� \DQJ� GLSDNDL� SDGD� NRQGLVL�
HODVWLVQ\D�PHPSXQ\DL�PRGXOXV�HODVWLVLWDV�(� ��������
03D�� � 3RLVVRQ� UDVLR� Ȟ�  � ����GDQ� WHJDQJDQ� OHOHK�)\�  �
����03D�� �3DGD�NRQGLVL�SODVWLV�GLSDNDL�PRGHO�GHQJDQ�
VWUDLQ�KDUGHQLQJ�GDQ� UHJDQJDQ�SXWXV������+XEXQJDQ�
WHJDQJDQ� GDQ� UHJDQJDQ� EDMD� SDGD� NRQGLVL� SODVWLV�
GLWXQMXNNDQ�SDGD�*DPEDU��� 

8QWXN�PDWHULDO�JURXW�GLPRGHONDQ�WLJD�YDULDVL�NHNXDWDQ�
\DLWX� IF¶ �����03D�� IF¶ ������03D�� GDQ� IF¶ ���03D��
8QWXN� PHPEXDW� NXUYD� WHJDQJDQ� UHJDQJDQ� JURXW�
GLJXQDNDQ�PRGHO� \DQJ�GLXVXONDQ�ROHK�7KRUHQIHOGW�HW��
DO�� ��������0HQXUXW�PRGHO� LQL�KXEXQJDQ� WHJDQJDQ��IF��

GDQ� UHJDQJDQ� �H�� GLWXQMXNNDQ� SDGD� 3HUVDPDDQ� ���
+DVLO�SORW�PRGHO�LQL�XQWXN�WLJD�PDFDP�NHNXDWDQ�JURXW�
GLWXQMXNNDQ�SDGD�*DPEDU��� 
 
 
 
 
 
GLPDQD� 

 

 
 

Q� �����[���-��IF¶��SVL������� 

��� 
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SDGD� PHVKLQJ� � NHWHEDODQ� EDMD� GDQ� JURXW� GLODNXNDQ�
PHQJLQJDW� WHUMDGLQ\D� JD\D� GDODP� PRPHQ�� VHPHQWDUD�
\DQJ� GLSDNDL� DGDODK� HOHPHQ� �'� EULFN�� EXNDQ� FDQJNDQJ
�VKHOO���9HULILNDVL�GHQJDQ�PHPEDQGLQJNDQ�WHUKDGDS�KDVLO�
H[SHULPHQWDO� WLGDN� GLODNXNDQ� NDUHQD� NHWHUEDWDVDQ�
OLQJNXS� VWXGL� GDQ� MXJD� NHWHUEDWDVDQ� GDWD� \DQJ� WHUVHGLD��
+DVLO� SHUEDQGLQJDQ� SDGD� YHULILNDVL� LQL� XQWXN� NDSDVLWDV�
WHNDQ�GDQ�PRPHQ�VHELGDQJ�GLWXQMXNNDQ�SDGD�*DPEDU���
GDQ��� 

'DUL� NXUYD-NXUYD� SDGD�*DPEDU� �� GDQ� �� GDSDW� GLOLKDW�
EDKZD� NDSDVLWDV� GDQ� NXUYD� NDSDVLWDV� GHQJDQ� GXD� WLSH�

*DPEDU����3HUEDQGLQJDQ�NXUYD�JD\D�WHNDQ�IXQJVL�
SHUSLQGDKDQ��XQWXN�EHEHUDSD�WLSH�MDULQJ-MDULQJ�HOHPHQ�KLQJJD 

*DPEDU����3HUEDQGLQJDQ�NXUYD�PRPHQ�IXQJVL�URWDVL��XQWXN�
EHEHUDSD�WLSH�MDULQJ-MDULQJ�HOHPHQ�KLQJJD 

0RGHO�'��WDQSD�JURXW� 0RGHO�'��GLJURXW 

*DPEDU����'LVWULEXVL�WHJDQJDQ�GDQ�GHIRUPDVL�DNLEDW�JD\D�DNVLDO�WDULN�XQWXN�0RGHO�'��WDQSD�JURXW�GDQ�0RGHO�'��GLJURXW 

HOHPHQ� GDQ� MXPODK� ODSLVDQ� \DQJ� EHUEHGD� PHPEHULNDQ�
KDVLO�\DQJ�WLGDN�MDXK�EHUEHGD��'HQJDQ�PHPEDQGLQJNDQ�
NDSDVLWDV� XQWXN� PRGHO� GHQJDQ� OD\HU� GDQ� WLSH� HOHPHQ�
PHVKLQJ�\DQJ�EHUEHGD�GLSHUROHK�UDWD-UDWD�SHUVHQ�VHOLVLK�
VHNLWDU� ���� 'HQJDQ� GHPLNLDQ� GDSDW� GLVLPSXONDQ�
SHQJJXQDDQ�HOHPHQ�PHVKLQJ�WLSH�&�'�,�GHQJDQ���VDWX��
ODSLVDQ� DGDODK� \DQJ� WHUEDLN� NDUHQD� VXGDK�PHPEHULNDQ�
KDVLO� \DQJ� FXNXS� DNXUDW� GHQJDQ� UXQQLQJ� WLPH� \DQJ�
PLQLPDO�� 

���� 'LVWULEXVL� WHJDQJDQ� GDQ� NXUYD� NDSDVLWDV� KDVLO�
DQDOLVLV�PHWRGH�H(OHPHQ�KLQJJD 

%HULNXW� LQL� GLWXQMXNNDQ� GLVWULEXVL� WHJDQJDQ� GDQ� NXUYD�
JD\D�PRPHQ� VHEDJDL� IXQJVL� SHUSLQGDKDQ�URWDVL� XQWXN�
VDWX�FRQWRK�NDVXV�SDGD�VHWLDS� WLSH�SHPEHEDQDQ��8QWXN�
PRGHOQ\D� GLSLOLK� PRGHO� '�� GDQ� GLEDQGLQJNDQ� DQWDUD�
NRQGLVL� WDQSD� JURXW� GDQ� GLJURXW�� 'LVWULEXVL� WHJDQJDQ�
GLWXQMXNNDQ�GHQJDQ�ZDUQD-ZDUQD�EHUEHGD��%DJLDQ�\DQJ�
EHUZDUQD� PHUDK� PHQJDODPL� WHJDQJDQ� PDNVLPXP��
:DUQD� NXQLQJ�� KLMDX� GDQ� ELUX�� VHFDUD� EHUXUXWDQ�
PHQXQMXNNDQ�WHJDQJDQ�\DQJ�VHPDNLQ�NHFLO��3DGD�EDWDV�
NHNXDWDQ�� � EDJLDQ� \DQJ� EHUZDUQD� PHUDK� VXGDK�
PHQFDSDL�WHJDQJDQ�OHOHK�� 

3DGD� VHWLDS� PRGHO� SHPEHEDQDQ�� VWUXNWXU� PHQJDODPL�
WHJDQJDQ� VDPSDL� SDGD� EDWDV� OHOHK� WDULN�PDXSXQ� WHNDQ��
7HJDQJDQ�OHOHK�LQL� WHUVHEDU�SDGD�GDHUDK-GDHUDK�GHQJDQ�
WHJDQJDQ� PDNVLPXP�� WHWDSL� UHJDQJDQ� EHOXP�PHQFDSDL�
UHJDQJDQ� SXWXV�� %DWDV� NHNXDWDQ� GLQ\DWDNDQ� WHUFDSDL�
DSDELOD� GHIRUPDVL� �SHUSLQGDKDQ� DWDX� URWDVL�� WHODK�
PHQFDSDL�EDWDVDQ�\DQJ�GLWHQWXNDQ�GHQJDQ�EDWDVDQ�<XUD�
�3HUVDPDDQ���GDQ���� 

/HOHK� \DQJ� WHUMDGL� SDGD� WLWLN-WLWLN� GHQJDQ� NRQVHQWUDVL�
WHJDQJDQ� WLQJJL� PHQ\HEDENDQ� NXUYD� EHEDQ� YV�
GHIRUPDVL� PHOHQJNXQJ� GDQ� PHQMDGL� VHPDNLQ� ODQGDL�
EHUVDPDDQ� GHQJDQ� PDNLQ� EDQ\DNQ\D� HOHPHQ� \DQJ�
PHQJDODPL� OHOHK�� .RQVHQWUDVL� WHJDQJDQ� WLGDN�
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*DPEDU�����.DSDVLWDV�WDULN�XQWXN�0RGHO�'��WDQSD�JURXW�
GDQ�0RGHO�'��GLJURXW 

0RGHO�'��WDQSD�JURXW 0RGHO�'��GLJURXW 

*DPEDU�����'LVWULEXVL�WHJDQJDQ�GDQ�GHIRUPDVL�DNLEDW�JD\D�DNVLDO�WHNDQ�XQWXN�PRGHO�'��WDQSD�JURXW�GDQ�PRGHO�'��GLJURXW 

*DPEDU�����.DSDVLWDV�WHNDQ�XQWXN�PRGHO�'��WDQSD�JURXW�
GDQ�PRGHO�'��GLJURXW 

0RGHO�'��WDQSD�JURXW 0RGHO�'��GLJURXW 

*DPEDU�����'LVWULEXVL�WHJDQJDQ�GDQ�GHIRUPDVL�DNLEDW�PRPHQ�VHELGDQJ�XQWXN�0RGHO�'��WDQSD�JURXW�GDQ�0RGHO�'��GLJURXW 



��� Vol. 27 No. 2, Agustus 2020 

6XDUMDQD��0DOLGD� 

Diterima 27 Mei 2020, Direvisi  06 Agustus 2020, Diterima untuk dipublikasikan 19 Agustus 2020 

Copyright      2020 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2020.27.2.1 

*DPEDU�����.DSDVLWDV�PRPHQ�VHELGDQJ�XQWXN�0RGHO�'��
WDQSD�JURXW�GDQ�0RGHO�'��GLJURXW 

*DPEDU�����.DSDVLWDV�PRPHQ�NHOXDU�ELGDQJ�XQWXN�0RGHO�
'��WDQSD�JURXW�GDQ�0RGHO�'��GLJURXW 

0RGHO�'��WDQSD�JURXW 0RGHO�'��GLJURXW 

*DPEDU�����'LVWULEXVL�WHJDQJDQ�GDQ�GHIRUPDVL�DNLEDW�PRPHQ�NHOXDU�ELGDQJ�XQWXN�0RGHO�'��WDQSD�JURXW�GDQ�0RGHO�'��GLJURXW 

PHQLPEXONDQ� NHJDJDODQ� SUHPDWXU� NDUHQD� VLIDW� GDNWDLO�
PDWHULDO�EDMD� 

6HFDUD� XPXP� GDSDW� GLOLKDW� EDKZD� WHUMDGL� SHQLQJNDWDQ�
NDSDVLWDV� VDPEXQJDQ� WXEXODU� FXNXS� EHVDU� DNLEDW� JURXW��
8QWXN� FKRUG� JDQGD� PDWHULDO� JURXW� PHQJLVL� UXDQJ� \DQJ�
EHUDGD� GL� DQWDUD� FKRUG� OXDU� GDQ� FKRUG� GDODP� \DQJ�
GLVHEXW� UXDQJ� DQQXOXV�� 0DWHULDO� JURXW� \DQJ� PHQJLVL�
UXDQJ� DQQXOXV� PHPEXDW� FKRUG� OXDU� GDQ� GDODP� EHNHUMD�
EHUVDPD�� 'HQJDQ� GHPLNLDQ� NHNDNXDQ� GDQ� NHNXDWDQ�
VHOLPXW�FKRUG�PHQLQJNDW� VHKLQJJD�NDSDVLWDV� VDPEXQJDQ�
PHQLQJNDW� SXOD�� +DO� LQL� NDUHQD� NDSDVLWDV� VDPEXQJDQ�
WXEXODU� VDQJDW� EHUJDQWXQJ� NHSDGD� NHNXDWDQ� GDQ�
NHNDNXDQ�VHOLPXW�FKRUG� 

������%HEDQ�DNVLDO�WDULN 

'LVWULEXVL�WHJDQJDQ�DNLEDW�EHEDQ�DNVLDO�WDULN�SDGD�EDWDQJ�
EUDFH� GLWXQMXNNDQ� SDGD� *DPEDU� ��� +DVLO� XQWXN� PRGHO�
WDQSD� JURXW� GDQ� GLJURXW� GLWXQMXNNDQ� EHUVHEHODKDQ� SDGD�
*DPEDU� ��� .XUYD� JD\D� DNVLDO� VHEDJDL� IXQJVL�
SHUSLQGDKDQ�GLWXQMXNNDQ�SDGD�*DPEDU�����.XUYD�XQWXN�
NRQGLVL� GHQJDQ�GDQ� WDQSD�JURXW� GLEDQGLQJNDQ�SDGD� VDWX�
JDPEDU�� *DULV� YHUWLNDO� PHQXQMXNNDQ� EDWDV� GHIRUPDVL�
<XUD� \DQJ� GLSDNDL� VHEDJDL� EDWDV� NHJDJDODQ� VDPEXQJDQ�

�6ZHQVVRQ� GDQ� <XUD�� ������� 'HIRUPDVL� \DQJ� WHUMDGL�
PHQXQMXNNDQ� WLPEXOQ\D� FHODK� �JDS�� DQWDUD� FKRUG� OXDU�
GLJURXW� VHKLQJJD� NDSDVLWDV� VDPEXQJDQ� GLWHQWXNDQ� ROHK�
NHNXDWDQ� SXQFKLQJ� VKHDU� FKRUG� OXDU�� )XQJVL� JURXW�
GDODP� KDO� LQL� DGDODK� PHQLQJNDWNDQ� NHWDKDQDQ�
VDPEXQJDQ� PHQDKDQ� GHIRUPDVL� RYDO� �RYDOL]DWLRQ��
VHKLQJJD� NDSDVLWDV� VDPEXQJDQ� DNDQ� PHQLQJNDW� DNLEDW�
JURXW� DSDELOD� RYDOL]DWLRQ� PHUXSDNDQ� NHJDJDODQ� NULWLV�
GDQ�EXNDQ�SXQFKLQJ�VKHDU� 

������%HEDQ�DNVLDO�WHNDQ 

'LVWULEXVL� WHJDQJDQ� DNLEDW� EHEDQ� DNVLDO� WHNDQ� SDGD�
EDWDQJ� EUDFH� GLWXQMXNNDQ� SDGD� *DPEDU� ���� +DVLO�
XQWXN� PRGHO� WDQSD� JURXW� GDQ� GLJURXW� GLWXQMXNNDQ�
EHUVHEHODKDQ� SDGD� *DPEDU� ���� .XUYD� JD\D� DNVLDO�
VHEDJDL� IXQJVL�SHUSLQGDKDQ�GLWXQMXNNDQ�SDGD�*DPEDU�
���� .XUYD� XQWXN� NRQGLVL� GHQJDQ� GDQ� WDQSD� JURXW�
GLEDQGLQJNDQ� SDGD� VDWX� JDPEDU�� *DULV� YHUWLNDO�
PHQXQMXNNDQ� EDWDV� GHIRUPDVL� <XUD� \DQJ� GLSDNDL�
VHEDJDL� EDWDV� NHJDJDODQ� VDPEXQJDQ� �6ZHQVVRQ� GDQ�
<XUD���������$NLEDW�EHEDQ�DNVLDO� WHNDQ� WHJDQJDQ�\DQJ�
WHUMDGL� SDGD� GDHUDK� VDPEXQJDQ� DGDODK� WHJDQJDQ� WHNDQ�
VHKLQJJD� WLGDN� DGD� PDVDODK� WHUEHQWXNQ\D� FHODK� �JDS��
DQWDUD� EDMD� GLJURXW�� 'HQJDQ� NRQGLVL� LQL� FKRUG� OXDU��
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0RGHO 
$NVLDO�7DULN�>N1@ $NVLDO�7HNDQ�>N1@ 0RPHQ�6HELGDQJ�>N1P@ 0RPHQ�.HOXDU�%LGDQJ�>N1P@ 

0(+ $3, 0(+ $3, 0(+ $3, 0(+ $3, 

'� ���� ��� ��� ��� ��� ��� �� �� 

'� ���� ���� ���� ���� ��� ��� ��� ��� 

'� ���� ���� ���� ���� ���� ��� ���� ��� 

6HOLVLK�UDWD-UDWD ��� ���� ��� ��� 

0RGHO 
$NVLDO�7DULN�>N1@ $NVLDO�7HNDQ�>N1@ 0RPHQ�6HELGDQJ�>N1P@ 0RPHQ�.HOXDU�%LGDQJ�N1P@ 

0(+ $3, 0(+ $3, 0(+ $3, 0(+ $3, 

$� ���� ���� ���� ���� ��� ��� ��� ��� 

$� ���� ���� ���� ���� ��� ��� ��� ��� 

$� ���� ���� ���� ���� ��� ��� ��� ��� 

%� ���� ���� ���� ���� ��� ��� ��� ��� 

%� ���� ���� ���� ���� ��� ��� ��� ��� 

%� ���� ���� ���� ���� ��� ��� ��� ��� 

&� ���� ���� ���� ���� ��� ��� ��� ��� 

&� ���� ���� ���� ���� ��� ��� ��� ��� 

&� ���� ���� ���� ���� ��� ��� ��� ��� 

'� ���� ���� ���� ���� ��� ��� ��� ��� 

'� ���� ���� ���� ���� ��� ��� ��� ��� 

'� ����� ���� ���� ���� ���� ���� ���� ���� 

6HOLVLK�UDWD-UDWD ��� ��� ��� ��� 

7DEHO����.DSDVLWDV�VDPEXQJDQ�WXEXODU�WDQSD�JURXW�KDVLO�DQDOLVLV�HOHPHQ�KLQJJD�GDQ�IRUPXODVL�$3,�53��$�:6' 

7DEHO����.DSDVLWDV�VDPEXQJDQ�WXEXODU�GLJURXW�KDVLO�DQDOLVLV�HOHPHQ�KLQJJD�GDQ�IRUPXODVL�$3,�53��$�:6' 

JURXW� GDQ� FKRUG� GDODP� EHNHUMD� VDPD�PHQDKDQ� EHEDQ�
VHKLQJJD� NDSDVLWDV� VDPEXQJDQ� QDLN� GUDVWLV��
3HQLQJNDWDQ� NDSDVLWDV� VDPEXQJDQ� GLEDWDVL� MXJD� ROHK�
NHPXQJNLQDQ�RYDOL]DWLRQ��EHUEHGD�GLJURXW�SHQXK�\DQJ�
PHQJXEDK�FKRUG�PHQMDGL�OLQJNDUDQ�VROLG� 

������%HEDQ�PRPHQ�VHELGDQJ 

'LVWULEXVL� WHJDQJDQ� DNLEDW� EHEDQ� PRPHQ� VHELGDQJ�
SDGD� EDWDQJ� EUDFH� GLWXQMXNNDQ� SDGD� *DPEDU� ����
+DVLO�XQWXN�PRGHO�WDQSD�JURXW�GDQ�GLJURXW�GLWXQMXNNDQ�
EHUVHEHODKDQ� SDGD� *DPEDU� ���� .XUYD� PRPHQ�
VHELGDQJ� VHEDJDL� IXQJVL� URWDVL� GLWXQMXNNDQ� SDGD�
*DPEDU� ���� .XUYD� XQWXN� NRQGLVL� GHQJDQ� GDQ� WDQSD�
JURXW� GLEDQGLQJNDQ� SDGD� VDWX� JDPEDU�� *DULV� YHUWLNDO�
PHQXQMXNNDQ� EDWDV� GHIRUPDVL� <XUD� \DQJ� GLSDNDL�
VHEDJDL� EDWDV� NHJDJDODQ� VDPEXQJDQ� �6ZHQVVRQ� GDQ�
<XUD�� ������� %HEDQ� PRPHQ� PHQLPEXONDQ� NRQGLVL�
WHJDQJDQ� WDULN� GDQ� WHNDQ� VHKLQJJD� VHEDJLDQ� GDUL�
VDPEXQJDQ�DNDQ�PHQJDODPL�PDVDODK� WLPEXOQ\D�FHODK�
�JDS�� DQWDU� EDMD� GLJURXW� VHSHUWL� WHUMDGL� SDGD� EHEDQ�
DNVLDO� WDULN�� 7HWDSL� VLVL� VHEHUDQJQ\D� DNDQ� PHQJDODPL�
NRQGLVL� LGHDO� VHSHUWL� SDGD� SHPEHEDQDQ� DNVLDO� WHNDQ�
GHQJDQ� FKRUG� OXDU� GDQ� GDODP� EHUVDPD� JURXW� EHNHUMD�
VHEDJDL�VDWX�NHVDWXDQ� 

������%HEDQ�PRPHQ�NHOXDU�ELGDQJ 

'LVWULEXVL�WHJDQJDQ�DNLEDW�EHEDQ�PRPHQ�NHOXDU�ELGDQJ�
SDGD�EDWDQJ�EUDFH�GLWXQMXNNDQ�SDGD�*DPEDU�����+DVLO�
XQWXN� PRGHO� WDQSD� JURXW� GDQ� GLJURXW� GLWXQMXNNDQ�
EHUVHEHODKDQ� SDGD� *DPEDU� ���� .XUYD� PRPHQ� NHOXDU�

ELGDQJ�VHEDJDL�IXQJVL�URWDVL�GLWXQMXNNDQ�SDGD�*DPEDU�
���� .XUYD� XQWXN� NRQGLVL� GHQJDQ� GDQ� WDQSD� JURXW�
GLEDQGLQJNDQ� SDGD� VDWX� JDPEDU�� *DULV� YHUWLNDO�
PHQXQMXNNDQ� EDWDV� GHIRUPDVL� <XUD� \DQJ� GLSDNDL�
VHEDJDL� EDWDV� NHJDJDODQ� VDPEXQJDQ� �6ZHQVVRQ� GDQ�
<XUD�� ������� $NLEDW� PRPHQ� NHOXDU� ELGDQJ� PDVDODK�
WHUMDGLQ\D� FHODK� �JDS�� DNDQ� VHUXSD� GHQJDQ� NRQGLVL�
PRPHQ� VHELGDQJ�� 7HWDSL� *DPEDU� ��� PHQXQMXNNDQ�
EHEDQ� NHOXDU� ELGDQJ� OHELK� UHQWDQ� WHUKDGDS� GHIRUPDVL�
\DQJ� PHQLQJJDONDQ� EHQWXN� LGHDO� OLQJNDUDQ�� +DO� LQL�
VDQJDW� PXQJNLQ� PHQ\HEDENDQ� NDSDVLWDV� PHQDKDQ�
PRPHQ� NHOXDU� ELGDQJ� WLGDN� DNDQ� VHEDLN� NDSDVLWDV�
PHQDKDQ�PRPHQ�VHELGDQJ� 

���� 3HUEDQGLQJDQ� KDVLO� PHWRGH� HOHPHQ� KLQJJD�
GHQJDQ�IRUPXODVL�$3, 

+DVLO� DQDOLVLV� HOHPHQ� KLQJJD� GHQJDQ� VRIWZDUH�
$%$486�&$(� ����� EHUXSD� NXUYD� NDSDVLWDV� YV�
GHIRUPDVL� �JD\D� DNVLDO� YV� SHUSLQGDKDQ�GDQ�PRPHQ�YV�
URWDVL��� 'DUL� NXUYD� WHUVHEXW� NHPXGLDQ� GLWHQWXNDQ�
NDSDVLWDV�VDPEXQJDQ�GHQJDQ�PHPEDWDVL�GHIRUPDVLQ\D��
%HULNXW� UDQJNXPDQ� NDSDVLWDV� KDVLO� DQDOLVLV� HOHPHQ�
KLQJJD� XQWXN� VDPEXQJDQ� WXEXODU� WDQSD� JURXW� GDQ�
GLJURXW� GLEDQGLQJNDQ� GHQJDQ� KDVLO� SHUKLWXQJDQ�
EHUGDVDUNDQ�IRUPXODVL�$3,�53��$�:6'��.DUHQD�KDVLO�
DQDOLVLV� HOHPHQ� KLQJJD� PDVLK� WDQSD� IDNWRU� NHDPDQDQ��
KDVLO-KDVLO� GHQJDQ� IRUPXODVL� $3,� 53� �$� :6'� MXJD�
GLSUHVHQWDVLNDQ� GHQJDQ� DQJND� NHDPDQDQ� ���� �6)� �  �
����� 

3DGD� 7DEHO� �� GLSUHVHQWDVLNDQ� KDVLO-KDVLO� DQDOLVLV�
GHQJDQ� PHWRGH� HOHPHQ� KLQJJD� �0(+�� GDQ� GHQJDQ�
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7DEHO���� 3HQLQJNDWDQ�NDSDVLWDV�VDPEXQJDQ�WXEXODU�FKRUG��
JDQGD�DNLEDW�JURXW 

IRUPXODVL� $3,� 53� �$� :6'� XQWXN� NDVXV� VDPEXQJDQ�
WDQSD� JURXW�� 8QWXN� NDVXV� WDQSD� JURXW� GLSLOLK� NHORPSRN�
0RGHO�'�NDUHQD�NHORPSRN�LQL�PHUHSUHVHQWDVLNDQ�YDULDVL�
SDGD� YDULDEHO� EDWDQJ� FKRUG� OXDU�� %DWDQJ� FKRUG� � GDODP�
GDQ�PDWHULDO�JURXW�WLGDN�GLDNWLINDQ�SDGD�DQDOLVLV�LQL��'DUL�
SHUEDQGLQJDQ� KDVLO� DQDOLVLV� PHWRGH� HOHPHQ� KLQJJD�
GHQJDQ� IRUPXODVL� $3,� 53� �$� :6'� WHUOLKDW� EDKZD�
KDVLOQ\D�FXNXS�GHNDW�GHQJDQ�VHOLVLK� UDWD-UDWD� OHELK�NHFLO�
GDUL� ����� 3DGD� XPXPQ\D� KDVLO� IRUPXODVL� $3,� 53� �$�
:6'�OHELK�NHFLO�DWDX�SDGD�VLVL�NRQVHUYDWLI��NHFXDOL�SDGD�
NDVXV�0RGHO�'��XQWXN�JD\D�DNVLDO�WHNDQ��3DGD�NDVXV�LQL�
KDVLO� GDUL� IRUPXODVL� $3,� 53� �$� OHELK� EHVDU� GDUL� KDVLO�
DQDOLVLV� PHWRGH� HOHPHQ� KLQJJD�� 6HWHODK� GLSHULNVD��
WHUQ\DWD�0RGHO� '��PHPDQJ� EHUDGD� VHGLNLW� GLOXDU� EDWDV�
YDOLGLWDV� IRUPXODVL� $3,� 53� �$�� 8QWXN�0RGHO� '�� QLODL�
UDVLR� DQWDUD� MDUL-MDUL� EDWDQJ� FKRUG� � �'���� GHQJDQ�
NHWHEDODQ�EDWDQJ�FKRUG� �7��� Ȗ� ������ VHGLNLW� GLOXDU� EDWDV�
YDOLGLWDV� IRUPXODVL� \DLWX� � � � � � � � � � � � �� +DO� LQL� PHQMDGL�
SHULQJDWDQ� EDKZD� EDWDV� YDOLGLWDV� \DQJ� GLWHQWXNDQ� SDGD�
VXDWX�IRUPXODVL�KDUXV�VHODOX�GLSHQXKL� 

3DGD�7DEHO���GLSUHVHQWDVLNDQ�KDVLO-KDVLO�DQDOLVLV�GHQJDQ�
PHWRGH�HOHPHQ�KLQJJD��0(+��GDQ�GHQJDQ�IRUPXODVL�$3,�
53� �$�:6'�XQWXN� NDVXV� VDPEXQJDQ� WDQSD� JURXW��'DUL�
SHUEDQGLQJDQ� KDVLO� DQDOLVLV� PHWRGH� HOHPHQ� KLQJJD�
GHQJDQ� IRUPXODVL� $3,� 53� �$� :6'� WHUOLKDW� EDKZD�
KDVLOQ\D�FXNXS�GHNDW�GHQJDQ�VHOLVLK� UDWD-UDWD� OHELK�NHFLO�
GDUL� ����� NHFXDOL� SDGD� SHQJDUXK� DNVLDO� WDULN� \DQJ�
PHPSXQ\DL� VHOLVLK� UDWD-UDWD� PHQGHNDWL� ����� 7HUOLKDW�
$3,� 53� �$� :6'� OHELK� NRQVHUYDWLI� XQWXN� IRUPXODVL�
DNLEDW�EHEDQ�DNVLDO�WDULN��3DGD�XPXPQ\D�KDVLO�IRUPXODVL�
$3,�53��$�:6'� OHELK�NHFLO� DWDX�SDGD� VLVL�NRQVHUYDWLI��
NHFXDOL�SDGD�NDVXV�GHQJDQ�EHEDQ�PRPHQ�NHOXDU�ELGDQJ��
3DGD� NDVXV� LQL� IRUPXODVL� $3,� 53� �$� PHQJDVXPVLNDQ�
EDKZD�NDSDVLWDV�VDPEXQJDQ�DNLEDW�PRPHQ�NHOXDU�ELGDQJ�
VDPD�GHQJDQ�NDSDVLWDV�VDPEXQJDQ�VHELGDQJ��$VXPVL�LQL�
WLGDN�VHVXDL�GHQJDQ�KDVLO�DQDOLVLV�PHWRGH�HOHPHQ�KLQJJD�
GDQ� EHUDNLEDW� KDVLO� GDUL� IRUPXODVL� $3,� 53� �$� WLGDN�
NRQVHUYDWLI� GDQ� SHUOX� GLNRUHNVL�� .HVDODKDQ� UDWD-UDWD�
PHPDQJ� WLGDN� WHUODOX�EHVDU�� \DLWX�PDVLK� OHELK�NHFLO�GDUL�
���� GDQ� PDVLK� MDXK� OHELK� NHFLO� GDUL� DQJND� NHDPDQDQ�
\DQJ�GLV\DUDWNDQ��\DLWX�6)� ����� 

����$QDOLVLV�SHQLQJNDWDQ�NDSDVLWDV�DNLEDW�JURXW 

%HUGDVDUNDQ� KDVLO� DQDOLVLV� PHWRGH� HOHPHQ� KLQJJD��
GLODNXNDQ� SHUKLWXQJDQ� SHQLQJNDWDQ� NDSDVLWDV� DNLEDW�
DGDQ\D� JURXW� XQWXN� PDVLQJ-PDVLQJ� PRGHO�� 5DQJNXPDQ�
SHQLQJNDWDQ� NDSDVLWDV� VDPEXQJDQ� WXEXODU� FKRUG� JDQGD�
VHWHODK� GLJURXW� GLEDQGLQJNDQ� GHQJDQ� NDSDVLWDV� VHEHOXP�
GLJURXW� GLWXQMXNNDQ� SDGD� 7DEHO� ��� +DVLO� LQL�
PHQXQMXNNDQ� SHQLQJNDWDQ� NDSDVLWDV� \DQJ� FXNXS� EHVDU�
GDUL�DSOLNDVL�JURXW�SDGD�VDPEXQJDQ�WXEXODU�FKRUG�JDQGD��
3HUVHQWDVH� SHQLQJNDWDQ� NDSDVLWDV� WHUEHVDU� GLWXQMXNNDQ�
SDGD�NDVXV�EHEDQ�DNVLDO�WHNDQ� 

����$QDOLVLV�SDUDPHWHU�NDSDVLWDV� VDPEXQJDQ� WXEXODU�
FKRUG�JDQGD�GLJURXW 

8QWXN�ELVD�PHQXQMXNNDQ�SHQJDUXK�SDUDPHWHU-SDUDPHWHU�
VDPEXQJDQ� WXEXODU� \DQJ� EHUSHUDQ� GDODP� NDSDVLWDV�
VDPEXQJDQ� WXEXODU� FKRUG� JDQGD� GLJURXW�� KDVLO-KDVLO�
DQDOLVLV� GLSUHVHQWDVLNDQ� GDODP� NXUYD-NXUYD� EHUGDVDUNDQ�
SDUDPHWHU� \DQJ� LQJLQ� GLWLQMDX� GL� EDZDK� LQL�� 8QWXN�
SUHVHQWDVL��NDSDVLWDV�JD\D�DNVLDO�GDQ�PRPHQ�GL�SORW�SDGD�

JUDILN� \DQJ� VDPD� GDQ� VNDOD� PRPHQ� GLEXDW� �[� DJDU�
JUDILNQ\D�OHELK�VHWDUD� 

������3DUDPHWHU�WHEDO�JURXW 

0RGHO� VHW� $� PHUXSDNDQ� �� PRGHO� GHQJDQ� NHWHEDODQ�
JURXW� \DQJ� EHUEHGD� GDQ� SDUDPHWHU� ODLQQ\D� NRQVWDQ��
'LSLOLK�NHWHEDODQ�JURXW�PHUXSDNDQ�NHOLSDWDQ�GDUL� WHEDO�
FKRUG� OXDU� \DLWX�0RGHO� $�� VDPSDL�0RGHO� $�� GHQJDQ�
WHEDO� JURXW� PDVLQJ-PDVLQJ� ���7�� �7�� GDQ� �7�� .XUYD�
KXEXQJDQ� DQWDUD� NDSDVLWDV� VDPEXQJDQ� WXEXODU� GLJURXW�
VHEDJDL� IXQJVL� WHEDO� JURXW� GLWXQMXNNDQ� SDGD�*DPEDU�
��� 

'DUL� *DPEDU� ��� GDSDW� GLOLKDW� EDKZD� GHQJDQ�
EHUWDPEDKQ\D� NHWHEDODQ� JURXW� EHUWDPEDK� SXOD�
NDSDVLWDV� VDPEXQJDQ�� +DO� WHUVHEXW� PHQXQMXNNDQ�
NHWHEDODQ� JURXW� PHPEHULNDQ� SHQJDUXK� WHUKDGDS�
NDSDVLWDV�SDGD�VDPEXQJDQ�WXEXODU�FKRUG�JDQGD�GLJURXW��
1DPXQ� SHUXEDKDQ� NHWHEDODQ� JURXW� WLGDN� PHPEHULNDQ�
SHQJDUXK� \DQJ� EHJLWX� VLJQLILNDQ� SDGD� SHQLQJNDWDQ�
NDSDVLWDV� VDPEXQJDQ� WXEXODU�� +DO� LQL� VHVXDL� GHQJDQ�
IRUPXODVL� GDODP� SHUDWXUDQ� $3,� 53� �$� :6'� � GDQ�
12562.� 1-���� \DQJ� WLGDN� PHPSHUKLWXQJNDQ�
SHQJDUXK�NHWHEDODQ�JURXW� 

*DPEDU�����.DSDVLWDV�VDPEXQJDQ�WXEXODU�GLJURXW�IXQJVL�
WHEDO�JURXW 
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*DPEDU�����.DSDVLWDV�VDPEXQJDQ�WXEXODU�GLJURXW�IXQJVL�
NXDW�PDWHULDO�JURXW 

'DUL� *DPEDU� ��� GDSDW� GLOLKDW� EDKZD� GHQJDQ�
EHUWDPEDKQ\D�NHNXDWDQ�PDWHULDO�JURXW�EHUWDPEDK�SXOD�
SHUVHQWDVH� SHQLQJNDWDQ� NDSDVLWDV� DNLEDW� JURXW�� +DO�
WHUVHEXW� PHQXQMXNNDQ� NHNXDWDQ� PDWHULDO� JURXW�
PHPEHULNDQ�SHQJDUXK� WHUKDGDS�SHQLQJNDWDQ�NDSDVLWDV�
SDGD� VDPEXQJDQ� WXEXODU� FKRUG� JDQGD�� 1DPXQ�
SHUXEDKDQ� NHNXDWDQ�PDWHULDO� JURXW� WLGDN�PHPEHULNDQ�
SHQJDUXK� \DQJ� EHJLWX� VLJQLILNDQ� SDGD� SHQLQJNDWDQ�
NDSDVLWDV� VDPEXQJDQ� WXEXODU�� +DO� LQL� VHVXDL� GHQJDQ�
IRUPXODVL� GDODP� SHUDWXUDQ� $3,� 53� �$� :6'� � GDQ�
12562.� 1-���� \DQJ� WLGDN� PHPSHUKLWXQJNDQ�
SHQJDUXK�NHNXDWDQ�PDWHULDO�JURXW� 

������3DUDPHWHU�WHEDO�FKRUG�GDODP 

0RGHO� VHW� &� PHUXSDNDQ� �� PRGHO� GHQJDQ� NHWHEDODQ�
FKRUG� GDODP� \DQJ� EHUEHGD� GDQ� SDUDPHWHU� ODLQQ\D�
NRQVWDQ�� 'DODP� SHUVDPDDQ� $3,� 53� �$� :6'� � GDQ�
12562.� 1-���� SHQJDUXK� NHWHEDODQ� FKRUG� GDODP�
GLSHUKLWXQJNDQ� VHEDJDL� SHQDPEDKDQ� NHWHEDODQ� HIHNWLI�
�7HI�� VHVXDL� GHQJDQ� 3HUVDPDDQ� ��� VHKLQJJD� \DQJ�
PHQDULN� XQWXN� GLWDPSLONDQ� DGDODK� NDSDVLWDV�
VDPEXQJDQ� WXEXODU� GLJURXW� VHEDJDL� IXQJVL� NHWHEDODQ�
HIHNWLI�� �.XUYD�KXEXQJDQ�DQWDUD�NDSDVLWDV� VDPEXQJDQ�
WXEXODU�GLJURXW�VHEDJDL�IXQJVL�NHWHEDODQ�HIHNWLI�GHQJDQ�
NHWHEDODQ� FKRUG� � OXDU� NRQVWDQ� GLWXQMXNNDQ� SDGD�
*DPEDU���� 

'DUL� *DPEDU� ��� GDSDW� GLOLKDW� EDKZD� GHQJDQ�
EHUWDPEDKQ\D� NHWHEDODQ� HIHNWLI� �DNLEDW� EHUWDPEDKQ\D�
NHWHEDODQ� � FKRUG� GDODP�� EHUWDPEDK� SXOD� NDSDVLWDV�
VDPEXQJDQ� WXEXODU� GLJURXW�� 3HQLQJNDWDQ� NDSDVLWDV�
JD\D� WHNDQ� PHQXQMXNNDQ� JUDGLHQ� NRQVWDQ� \DQJ�
PHQXQMXNNDQ� NHNXDWDQ� WHNDQ� VDQJDW� EDLN�
PHPDQIDDWNDQ� JDEXQJDQ� FKRUG� OXDU� GDQ� GDODP��
6HPHQWDUD� SHQLQJNDWDQ� NDSDVLWDV� XQWXN� JD\D� DNVLDO�
WDULN� GDQ� PRPHQ� WHUOLKDW� QDLN� ODOX� PHODQGDL� GDQ�
FHQGHUXQJ� NRQVWDQ� SDGD� NHWHEDODQ� HIHNWLI� \DQJ�
PHQLQJNDW�� +DO� LQL� PHQXQMXNNDQ� DGD� NHWHUEDWDVDQ�
SHQLQJNDWDQ�NDSDVLWDV�NDUHQD�FKRUG�OXDU�JDJDO�EHNHUMD�

*DPEDU�����.DSDVLWDV�VDPEXQJDQ�IXQJVL�NHWHEDODQ�HIHNWLI�
GHQJDQ�NHWHEDODQ�FKRUG��OXDU�NRQVWDQ 

*DPEDU�����.DSDVLWDV�VDPEXQJDQ�IXQJVL�NHWHEDODQ�HIHNWLI�
GHQJDQ�NHWHEDODQ�FKRUG��GDODP�NRQVWDQ 

'DUL� *DPEDU� ��� GDSDW� GLOLKDW� EDKZD� GHQJDQ�
EHUWDPEDKQ\D� NHWHEDODQ� HIHNWLI� GDQ� NHWHEDODQ� FKRUG��
GDODP� WHWDS�� SHQLQJNDWDQ� NDSDVLWDV� QDLN� PRQRWRQ��
%HUEHGD� GHQJDQ� KDVLO� PHQDLNNDQ� NHWHEDODQ� FKRUG��
GDODP� VDMD�� SDGD� NDVXVX� LQL� NHQDLNDQ� NDSDVLWDV�
VDPEXQJDQ� WLGDN�PHODQGDL� GDQ�PHQMDGL� NRQVWDQ� SDGD�
NHWHEDODQ� HIHNWLI� \DQJ� EHVDU�� +DO� LQL� EHUEHGD� NDUHQD�
SDGD� NDVXV� LQL� SHQDPEDKDQ� NHWHEDODQ� HIHNWLI� GLEXDW�
GHQJDQ� SHQDPEDKDQ� NHWHEDODQ� FKRUG� � OXDU� VHKLQJJD�
NHJDJDODQ�FKRUG�OXDU�WLGDN�PHQMDGL�SHPEDWDV�NHQDLNDQ�

������3DUDPHWHU�NXDW�PDWHULDO�JURXW 

0RGHO� VHW� %� PHUXSDNDQ� �� PRGHO� GHQJDQ� NHNXDWDQ�
PDWHULDO� JURXW� \DQJ� EHUEHGD� GDQ� SDUDPHWHU� ODLQQ\D�
NRQVWDQ��.XUYD�KXEXQJDQ�DQWDUD�NDSDVLWDV�VDPEXQJDQ�
WXEXODU� GLJURXW� VHEDJDL� IXQJVL� NXDW� PDWHULDO� JURXW�
GLWXQMXNNDQ�SDGD�*DPEDU���� 

VHEDJDL� VDWX� NHVDWXDQ� GHQJDQ� FKRUG� GDODP�� 3DGD�
NHWHEDODQ� HIHNWLI� \DQJ� WLQJJL�� SHQLQJNDWDQ� NHNXDWDQ�
GLEDWDVL� ROHK� NDSDVLWDV� � � FKRUG� � OXDU�� +DO� LQL� VHVXDL�
GHQJDQ� IRUPXODVL� GDODP� SHUDWXUDQ� $3,� 53� �$�:6'��
GDQ� 12562.� 1-���� \DQJ� PHPSHUKLWXQJNDQ�
SHQJDUXK� NHWHEDODQ� FKRUG� OXDU� GDQ� NHWHEDODQ� HIHNWLI�
GDODP� GXD� VHW� SHUVDPDDQ� EHUEHGD�� +DUXV� GLFHN�
NHGXDQ\D� GDQ� KDUXV� GLSDNDL� QLODL� NDSDVLWDV� PLQLPXP�
DQWDUD�KDVLO�NHGXDQ\D� 

������3DUDPHWHU�WHEDO�FKRUG�OXDU 

0RGHO� VHW� '� PHUXSDNDQ� �� PRGHO� GHQJDQ� NHWHEDODQ�
FKRUG� OXDU� \DQJ� EHUEHGD� GDQ� SDUDPHWHU� ODLQQ\D�
NRQVWDQ�� 0HQJLNXWL� SHPEDKDVDQ� VHEHOXPQ\D��
SHQJDUXK� NHWHEDODQ� FKRUG� OXDU� MXJD� GLEDKDV� GHQJDQ�
IRUPXODVL� NHWHEDODQ� HIHNWLI�� .XUYD� KXEXQJDQ� DQWDUD�
NDSDVLWDV� VDPEXQJDQ� WXEXODU� GLJURXW� VHEDJDL� IXQJVL�
NHWHEDODQ� HIHNWLI� GHQJDQ� NHWHEDODQ� FKRUG� � GDODP�
NRQVWDQ�GLWXQMXNNDQ�SDGD�*DPEDU���� 
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NDSDVLWDV�� �*UDGLHQ� NHQDLNDQ� NDSDVLWDV� WHUOLKDW�PHQXUXQ�
PHQXQMXNNDQ� PDQIDDW� NRPSRVLW� DQWDUD� FKRUG� OXDU� GDQ�
FKRUG��GDODP�PHQXUXQ�XQWXN�NDVXV�FKRUG�OXDU�MDXK�OHELK�
WHEDO� GDUL� FKRUG� GDODP�� � 7HWDSL� GDUL� JUDILN�� WHUOLKDW�
NDSDVLWDV� KDPSLU� PHUXSDNDQ� IXQJVL� OLQLHU� WHUKDGDS�
NHWHEDODQ�HIHNWLI��+DO�LQL�FXNXS�VHVXDL�GHQJDQ�IRUPXODVL�
GDODP�SHUDWXUDQ�$3,�53��$�:6'��GDQ�12562.�1-����
\DQJ� PHPSHUKLWXQJNDQ� SHQJDUXK� NHWHEDODQ� FKRUG� OXDU�
WHUKDGDS�NDSDVLWDV�VHEDJDL�IXQJVL�OLQLHU�� 

���.HVLPSXODQ 

'DODP�SHQHOLWLDQ�LQL�GLODNXNDQ�NDMLDQ�WHUKDGDS�NDSDVLWDV�
VDPEXQJDQ� WXEXODU� WDQSD� GDQ� GLJURXW� GHQJDQ� PHWRGH�
HOHPHQ� KLQJJD� GDQ� KDVLOQ\D� MXJD� GLSDNDL� XQWXN�
PHQJHYDOXDVL� IRUPXODVL� NDSDVLWDV� VDPEXQJDQ� WXEXODU�
PHQXUXW� SHUDWXUDQ� $3,� 53� �$�:6'�� 8QWXN� SHQHOLWLDQ�
LQL� VLVWHP�VDPEXQJDQ� WXEXODU�GDQ�PHWRGH�JURXW�GLEDWDVL�
SDGD� VLVWHP� GHQJDQ� FKRUG� JDQGD� �GRXEOH� VNLQ� WXEXODU�
MRLQW���%HUGDVDUNDQ�KDVLO�DQDOLVLV�GDSDW�GLDPELO�EHEHUDSD�
NHVLPSXODQ�VHEDJDL�EHULNXW� 

�� 8QWXN� NDVXV� VDPEXQJDQ� WDQSD� JURXW�� KDVLO-KDVLO�
PHWRGH� HOHPHQ� KLQJJD� GDQ� KDVLO-KDVLO� GHQJDQ�
IRUPXODVL� $3,� 53� �$� :6'� ����� PHPEHULNDQ�
SHUEHGDDQ� UDWD-UDWD� OHELK� NHFLO� GDUL� ����� 8PXPQ\D�
KDVLO� IRUPXODVL�$3,� DGD� SDGD� VLVL� NRQVHUYDWLI� NHFXDOL�
SDGD� VDWX� NDVXV� \DQJ� WLGDN�PHPHQXKL� EDWDV� YDOLGLWDV�
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